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TRANSLATOR'S PREFACE. 



The aim of the book which is now presented to the 
English student is to systematise the processes of Volu- 

I 

metric Analysis. 

In the English manual on Volumetric Analysis in 
common use the student is presented with a collection of 
the better processes for determining the majority of the 
bases and acids, and for the analysis of many chemical 
substances which are of technical importance. The work 
of Dr. Fleischer attempts to divide volumetric processes 
into a few great groups, to point out definitely the prin- 
ciples which underlie each group, to illustrate the appli- 
cation of these principles by well-chosen practical ex- 
amples, and thus at once to convince the student of the 
paramount importance of Volumetric Analysis as an art, 
and to show him how this art may be applied, while at 
the same time to inculcate the necessity of studying this 
method of analysis as a branch of the science of Applied 
Chemistry. 



vi translator's preface. 

A distinctive feature of the Work is the plan for the 
estimation of bases without previous separations. 

In the translation I have endeavoured to present a fair 
rendering of the original ; I have not, however, hesitated 
to condense the description given of any process where 
such condensation seemed to me to involve no sacrifice of 
clearness of expression. 

I have generally very considerably shortened the intro- 
ductory paragraphs to each section, and more than once 
I have done the same with the concluding remarks. A 
few notes have been added here and there, which it is 
hoped will be of service to the student in the laboratory. 

One or two new processes have been introduced (see 
^ 99, 101, 109, &;c.), but I have not considered myself 
at liberty to multiply the processes to any great extent, 
as this would result in doing away with the distinctive 
feature of the Work, which is, not to present a complete 
collection of recipes for analysis, but rather to systematise 
the general methods of Volumetric Analysis. In accord- 
ance with the wish of the Author, the new processes are 
all placed in Part III. The greater part of the paragraph 
treating of water analysis has been added by me. Several 
of the tables in the appendix have also been added. 

The author is a devoted admirer of the old system of 
notation; he has, however, allowed me to introduce those 
formulae which are now all but universally employed by 
chemists. The old formulae are placed in brackets after 
the new. Calculations are generally stated in terms both 
of the old and of the new notation. It may be that the 
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old notation is still useful in some branches of inorganic 
chemistry ; what the author has to say in its favour will 
be found (condensed) on p. 11. I cannot here enter into 
the arguments for and against the mpdern system; but it 
seems to me that to condemn a system of notation which 
has most powerfully aided in the recent wonderful 
advances of chemical scienccy and to return to another 
which has been shown to involve manj'- contradictions, is 
unwise. Such arguments as those on page 11 concerning 
the meaning of a formula as representing something 
which really exists, have been met and, I think, answered 
again and again. 

For all errors, and failures to make the various pro- 
cesses clear and intelligible, the blame is to be laid, not 
on the Author, but on the Translator. 



M. M. PATTISON MUIR. 



The Owkns College, 
Manchester, July, 1877. 



AUTHOR'S PREFACE TO THE FIRST EDITION. 



Since the appearance of my Short Text-Book of Volu- 
metric Analysis (Leipzig, 1868), many new titration 
processes have appeared in the journals, and many old 
processes have been modified. From these (most of which 
I have myself tested) I was obliged to make a selection 
only for the purposes of the present work — partly 
because the aim of the work is not encyclopaedic, and 
more especially because I wished to lay before the 
student only those processes which were undoubtedly 
^trustworthy and at the same time simple. 

I cannot regard the replacement of well-known and 
simple processes by complicated methods which are 
tedious to carry out and perhaps not very exact in their 
results, as an enrichment of Analytical Chemistry. In 
this, as in other branches of Chemistry, I should much 
prefer to see a striving after clearness and simplicity of 
method and of system such as was practised by the 
immortal Berzelius. 

I have therefore endeavoured to replace diflicult, by 
more easy methods, to simplify circuitous methods of 
separation, to do away with, or to modify uncertain final 
reactions — ^in a word, to render all uncertain and com.^l\.- 
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cated processes more simple, so that they may become 
available even in the hands of comparatively unskilled 
analysts. 

In Alkalimetry I employ J-normal caustic ammonia 
solution instead of the disagreeable caustic soda which is 
generally used. Instead of two acid liquids, normal sul- 
phuric and normal nitric acids, I make use of but one — 
normal hydrochloric acid, which is as little volatile as 
nitric acid, does not exert an oxidising action like that 
acid, and is readily titrated. Many of the methods 
depending on oxidation are new, others are modified : 
such are the estimations of copper, bismuth, nickel, and 
cobalt, and some of the metallic sulphides. 

I have subjected those methods of analysis which 
depend upon precipitation to a searching examination, 
and have rejected all in which the final point of the 
reaction is not, or cannot be made, plainly visible by a 
colorimetric change. Although this special branch of 
volumetric analysis is thus deprived of certain of its 
methods, yet I do not think that the system, as a whole, 
is a loser thereby, inasmuch as the precipitation processes 
which remain, as well as those which are modifications of 
the old processes, are so much the more certain and 
definite in their application. 

I would draw especial attention to the volumetric 
methods of separation. In framing such methods con- 
siderations must be borne in mind different from those 
which guide one in forming methods of separation in 
gravimetric analysis. This field of enquiry, so promising 
in results of importance for the volumetric method, has 
scarcely as yet met with any cultivators. 

The hope of developing volumetric methods of separa- 
tion first led me to think of publishing the present Work, 
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and I have naturally bestowed especial care on this part 
of my subject. I cannot expect that the methods described 
in the following pages should supersede the established 
gravimetric processes of separation; I have rather en- 
deavoured so to arrange these established methods that 
they may be combined with, and so aid, the processes of 
volumetric separation. In the section entitled " Separa- 
tion and Estimation of the Bases, without previous 
Group-Separations," I have endeavoured to point out in 
what way the methods of separation may be combined 
together, so as to render titration possible, without special 
separation of the groups by means of sulphuretted 
hydrogen and ammonium sulphide. All the changes 
introduced in this book are based upon accurate experi- 
ments, and the applicability of each method has been 
proved by special investigations. 

I have paid no attention to the so-called modern 
formulae, because these, even supposing that there is a 
"shadow of a reason" for their existence, as Mohr 
trenchantly remarks, are peculiarly unfitted for analytical 

chemistry and for mineralogy. 

E, FLEISCHER. 

Dresden, January^ 1871. 



AUTHOR'S PREFACE TO THE SECOND EDITION. 



The Second Edition of this book contains a considerable 
number of new processes and modifications of old pro- 
cesses, most of which are based upon investigations 
especially undertaken. I have been able to make use of 
only a few of the new processes which have appeared 
since the date of the publication of the first edition. 

The longer I study the processes of Analytical Chem- 
istry, and the application of those processes in manufac- 
tures, the more am I convinced of the necessity of framing 
general methods and of paying attention to special con- 
siderations only in those cases in which the general 
method cannot be advantageously applied. It is only 
thus that that inner completeness can be bestowed upon 
Analytical Chemistry which it so much requires in order 
to enable it to answer the questions propounded alike by 
Science and by Technology. 

As Chemistry is continually being enriched by new 
methods for preparing the same substances, so is there a 
continual addition being made to the number of analytical 
processes of estimation. Many of these processes are 
doubtless of advantage in special cases, but their non- 
applicability as general methods is for the most part too 
evident. For instance, the new method of estimating 
silver by titration with potassium sulphocyanide, after 
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addition of ferric sulphate, is not of general application. 
[ The red colour of ferric sulphocyanide, the production of 
i; which marks the final point of the reaction, is formed, it 
' ' is true, in acid solutions, and the method is therefore 
applicable in such cases. But the presence of copper 
■ salts alone: with the silver — ^a not uncommon occurrence 
— renders this method of no avail, because these salts are 
• precipitated by potassium sulphocyanide. This method, 
' although an elegant one, was therefore forbidden to me, 
because the leading idea of this Work is to select a small 
number of processes, all of which are of general applica- 
tion, so that the student may gain a clear general survej'^ 
of the titration methods, and also of the methods by 
which he may pursue quantitative analysis aided by 
these processes. 

With this end in view I have again paid careful atten- 
tion to the methods of separation, and, after a considerable 
amount of labour, I have been so fortunate as to devise a 
more simple, quicker, and more accurate method than 
that previously made use of. The new method is 
described in the chapter headed *' General Method for 
. Separation of Bases." The technical chemist will find 
this method of much service, inasmuch as by its aid he 
will be able easily to separate and quantitatively deter- 
mine a given metal when mixed with many other sub- 
stances. This method simplifies the work to be done, 
and is much easier of application than those processes 
now in use which were originally introduced as gravi- 
metric, not as volumetric separations. I have added a 
few new original methods of titration : such are the 
processes for estimating sulphuric acid, tartaric and citric 
acids, &;c. 

In the third part of the Work, in which th^ xa^\,\vo4s» 
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already described are applied to the technical analysis of 
various substances, I have endeavoured to enlarge the 
knowledge of the student, but I have not aimed at 
making the book a catalogue of receipts whence special 
methods may be deduced for each analysis. I have 
rather endeavoured to show that the methods described 
in Parts I. and II. are sufficient, with slight modifications, 
for the analysis of technical products. I trust that I 
shall thus be doing a greater service to the student than 
by supplying him with a long list of processes, the 
carrying out of which, because requiring no thought on 
his part, would speedily reduce him to the condition of a 
slave to his text-book. 

But all this can only be gained by striving after 
generalisation both in titration and in separation 
methods. And although this edition should meet the eye 
of a critic who may object to the omission of many special 
methods, yet the consciousness of more favourable judg- 
ments, as well as the knowledge that good results have 
actually been attained, will amply make amends for his 
fault-findings. 

Especially should I rejoice to find other chemists, 
instead of adding new methods to the number of those 
which are already of little use, pursuing the path which 
I have opened up, by developing the processes for volu- 
metric separations, and so aiding in the advancement of 
a branch of chemical analysis which supplies a long-felt 
need. 

May this book aid the work to the best of its ability. 

E. FLEISCHER. 

Dessau, Fehruar}/, 1876. 
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Analytical Chemistry is concerned with the determina- 
tion of the nature of the chemical substances contained 
in a given body (Qualitative Analysis), and of the 
quantities by weight in which these substances exist 
(Quantitative Analysis). The analysis of inorganic sub- 
stances can alone be said to be thoroughly systematised. 
Although good methods for the analysis of organic bodies 
are not unknown, a systematic scheme of analysis for 
this class of chemical compounds does not as yet exist. 

Quantitative Analysis, like qualitative, is based upon 
two fundamental principles, and from each of these 
springs a system of Analytical Chemistry. 

In qualitative analysis attention may be paid to the 
behaviour of different substances towards reagents in 
aqueous solutions, or to the behaviour of substances when 
exposed to the action of reagents in the solid state at 
high temperatures : in other words, qualitative analysis 
divides iteelf into analysis in the wet way, and analysis 
in the d/ry way or pyro-chemical analysis. 

The former of these methods had attained to so great 
perfection, that reactions belonging to the latter class 
came to be regarded as almost superfluous, until Bunsen 
showed, of late years, how accurate are the results ob- 
tainable by means of dry reactions. Since the publica- 
tion of Bunsen's Memoirs it has become possible to 
construct an almost complete scheme of analysis in which 
dry reactions only are employed, and to arrive at coxvfcVa- 



Juyus more rapidly, and with perhaps greater aci 
than by employing web reactions. It is not imp 
tliat aoalysia by means of dry reactions may, whea thes^ 
rtsiwjtioua are more fully developed, largely uaarp the 
plai'e tiow occupied by the other ayatem of analytical 
choiuisfcry. The two methods are of equal authority, and 
whwtUer one or other is to be employed miwt depend 
upon the greater or leas adaptability of each method to 
the circumstances of each analysis, and upon the accuracy 
*'f the results obtainable. A third fundamental principle 
upon which to base a system of qualitative analysis ht 
ineouceivable. 

Quantitative analysis is also based upon two funda- 
mental principles. The estimation of the quantities by 
weight ill which the constituents of & chemical substance 
exist in that substance may be carried out by physlccU or 
by chemical methods. In the former method^ use ts 
niade of the balance, in the latter of the burette. 

Suppose, for example, it ia required to determine the 
quantity of barium carbonate in a mixture of this salt 
with barium sulphate. Two methods present themselves, 
("'rom one gram of the mixed salts the carbonate is 
dissolved by means of hydrochloric acid; the residue, cou- 
Histing of barium sulphate, ia dried and weighed. The 
quantity so obtained is deducted from the one gtaiu 
originally taken ; the residue represents barium carbonate. 
By the physical method the quantity of barium carbonate 
is thus obtained as the result of two weighings. 

In order to determine the amount of this salt by the 
chemical method, the barium carbonate is dissolved in 
hydrochloric acid which is prepared of a strength sach 
that 1 cb.e. contains twice the quantity of hydrochloric 
acid, in milligrams, expressed by the formula HCI. 
One cb.c. of this acid also exactly neutralises 2 cb.o. of a 
dilute ammonia solution. A measured quantity of thia 
acid, more than sufficient for the complete solution of tiiu 
barium carbonate, is employed; after the solution ib 
eflFected, the liquid is boiled in order to expel carbon 
dioxide. A couple of drops of blue litmus tincture 
•dded ; the litmus becomes red, owing to the pret 
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fccess of acid. This excess of acid ia determined by 
-ing iii the dilute ammonia solution from a burette 
■-mltil the colour of the liquid just changes to blue. The 
number of cubic centimetres of ammonia employed is 
divided by 2, the result is deducted from the number of 
cubic centimetres of hydrochloric acid originally added, 
and the exact quantity of acid required for solution of 
the barium carbonate is thus obtained. 

Inasmuch as 1 cb.c. of the hydrochloric acid contains 
1 atom HCI, in milligrams, and inasmuch as 2 atoms 
"HCl convert 1 atom barium carbonate into chloride, it 
follows that 2 cb.c, of the hydrochloric acid correspond 
to 1 atom of barium carbonate, in milligrams — that is, to 
197 milligrams BaCOg, — or, in old notation, 1 cb.c. hydro- 
chloric acid converts 1 atom BaOCOa into BaCl, and there- 
fore corresponds to 98*5 milligrams BaOCO^. The amount 
of barium carbonate in the weight of mixed salts taken 
is thus easily calculated. 

The barium carbonate has thus been determined, not 
by means of ordinary weights, but by means of atomic 
weights, and in place of the balaiice, a measuring instru- 
ment, the burette, has been employed. 

'The first-mentioned method of quantitative analysis is 
called the gravimetric, the second the volumetric method. 
The former method is of much earlier origin than the 
latter. The credit of placing volumetric analysis upon a 
scientific basis is due to Fr. Mohr. He it was who first 
introduced exact methods and delicate inatrumonts into 
this branch of analytical chemistry. His work on-volu- 
metric analysis, as in other branches of science, is distin- 
guished by peculiar accuracy, and readiness to turn to 
account every fact presented to him. 

Volumetric analysis, or the titration method, as it is 
also called, is possessed of certain advantages as compared 
with gravimetric analysis. While the latter method re- 
quires that the substance to be determined shall be conver- 
ted into a compound of known composition, and obtainable 
in the dry state, the former method is able to estimate the 
quantity of a substance when that substance is mixed with 
many others. It therefore either does away -mt^i, ox ^ 



any rate simplifies, the frequent separations demant 
gravimetric analysis. Volumetric analysis conseqi 
gains its results more quickly than the older method, 
point of accuracy the processes of volumetric analysis 
often surpass those of the gravimetric system,* especially 
when small quantities are to be measured. In such cases 
the weight of the filter ash introduces errors. Lastly, the 
methods of volumetric analysis yield veiy good results 
even in comparatively unskilled hands. This is not the 
case with the gravimetric methods, Inasranch aa all 
bodies susceptible of estimation gravimetrically may . 
also be estimated by titration (with the exception of a 
few of the rarer substances), it is surely time that the 
methods of volumetric analysis should become more used 
in scientific and technical investigations. The latter espe- 
cially demand methods which shall give accurate results 
in a short space of time. 

Gravimetric analysis is divided into two main sections 
— methods of estimation and methods of separation. The 
first methods teach how the substance to be estimated, 
after it has been separated from other substances, is to be 
brought into a form in which it may be weighed. The 
second methods teach how to effect the separations wluch 
must precede the estimation of the substance. 

Volumetric analysis has hitherto trusted to the oth^ 
branch of quantitative analysis for the separation of 
substances, and has contented itself with forming methods 
of estimation only. The more volumetric analysis adr 
vances, the more strongly is the need felt of methods of 
separation other than those supplied by gravimetric 
analysis, ina'^much as these methods generally introduce 
unnecessary complications. In gravimetric analysis the 
substance to be estimated must be separated completely 
from all other substances ; in volumetric analysis such a 
complete separation is not generally required: it is suffi- 
cient that the substance be brought into a form in which 
it may be accurately titrated. This does not necessitate* 
the removal of those bodies which are without influence 
in of course only to be applied to accunvte methods 
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upon the process of titration. A volumetric separation is 
therefore^ a much easier process than a gravimetric separ 
ratTDD. 

In systematising the volumetric methods of separation 
— ^which systematising forms the peculiar feature of this 
work — I have availed myself of the rich literature of 
volumetric analysis. Inasmuch as I desired to reduce 
the titration methods to a complete system of analysis, 
independent of gravimetric methods, I have divided this 
work into three main parts — methods for volumetric 
estimation, methods for separation, and technical analyses. 
Many new methods are added to those in general use. 

Volumetric methods must not only yield accurate 
results when the reactions are stated in chemical equa- 
tions; the actual processes of measurement must be 
accurately earned out. Just as the exact determination 
of the weights, and the delicacy of the balance employed 
by the gravimetric analyst, are of the utmost importance, 
so is it essential that the volumetric analyst should pro- 
vide himself with accurate measuring vessels (burettes 
and pipettes), and properly-graduated titration liquids, 
and that he should employ due quantities of these liquids 
in every analysis. It is evident that the measurements 
will be more accurate, and the results therefore more 
reliable, the greater the volume of liquid to be measured. 

For this reason I have devoted a special chapter to a 
consideration of the methods of measurement and of 
titration, and I must beg the especial attention of the 
student to the contents of that chapter, inasmuch as the 
fundamental considerations which hold good in all pro- 
cesses of titration are there laid down. 

The methods of separation of the metals are divided 
into two sections, " group-separations" and " estimations 
without group-separations." Both sections presuppose a 
knowledge of the methods of volumetric analysis con- 
tained in the chapters which precede them. The 
second part of the separation methods (estimation of 
bases without group-separations) takes for granted a 
knowledge, on the part of the student, of the chemical 
processes which have been described and illustrated in 
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the foregoing chapter on group-separations. The ad- 
vantages of this general method of separation will there 
become evident. 

It is only from a knowledge of the most comprehensive 
methods of separation that it becomes possible to frame 
processes for the examination of substances occurring in 
manufactures. The advantage to the student of con- 
tinually bearing in mind the geneinl methods of volu- 
metric analysis cannot be too strongly insisted upon. 
Only thus will he be able quickly to apply the proper 
method to a particular case^and to possess hunself of ixue 
knowledge instead of learning by rote a number of 
receipts. 

I trust that this work may idd the progress of the 
branch of chemistry to the consideration of which it is 
devoted, and that it may serve to impress on the minds 
of analytical chemists the paramount importance of 
volumetric analysis, so that in future there may be no 
more analysts trained in our laboratories, who, from a 
neglect of this branch of analysis, are unable to become 
sound technical chemists. 



PART I. 



THE VOLUMETRIC METHODS. 



SECTION I. 

VOLUMETRIC METHODS IN GENERAL. INSTRUMENTS FOR 
VOLUMETRIC WORK. STANDARD SOLUTIONS. 

§1. 

Yolumetric Methods in general. 

TN Volumetric Analysis, the quantities by weight of 
■*■ the various chemical compounds contained in the sub- 
stance under examination are estimated by determining 
the number of volumes of a liquid of known composition 
required to bring about and completely finish a 
definite chemical process of saturation, oxidation, or pre- 
cipitation. For this purpose standard solutions are 
required, that is to say, solutions containing a fixed 
weight of substance dissolved in a definite volume of 
liquid. ITie standard liquid is added, drop by drop, to 
a solution of the substance under examination until 
certain reactions occur which indicate that the necessary 
quantity of the liquid has been employed. The reaction 
which indicates the final point of the process is generally a 

Change of colour, or the 
Foi^mation of a precipitate. 

Sometimes the final reaction occurs in the solution itself, 
at other times it is necessary to remove a portion of the 
solution and test it with certain reagents. 

The changes of colour are, of course, to be traced to 
very various causes. Nevertheless, in whole series of 
volumetric processes the final colour-change "ma.^ \i^ 



, ttB 

^^_ this 
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assigned to the same cause ; for instance, the final point 
in a great many processes is determined by the change in 
colour undergone by litmus tincture, according as the 
reaction of the liquid is acid or alkaline. The names 
Addi-metri/, and Alkali-metry, are given to the whole 
group of those processes which are dependent upon 
this change, because these processes are employed for 
determining the quantities of free acids and alkalies. 
In othei' [jrocesses the final point is determined by the 
productiun of blue iodide of starch ; and to such processes, 
in whicii iodine, either free or combined, is employed 
as a standard liquid, the name of lodometry^ is given. 
A third series of processes are classed as Oxid/vraetric 
methods, because they essentially depend upon the 
givLDg up of oxygen, to the substances to be estimated, 
by potassium permanganate, the end of the reaction 
being detemiined by the change produced in the colour 
of the liquid itself when an excess of the standard 
solution has been added. The last group of methods 
comprises those in which the substance to be estimated 
is precipiiatcd from a solution by means of the stan- 
dard liquid. In these processes the final point is 
seldom determined by a change of colour produced 
within the litjuid itseu; the more general method con- 
sists in bringing a drop of the liquid into contact with 
some other liquid, or indicatoi', upon a white slab, and 
noticing the change of colour which thereupon ensues. 
Such processes (called by Mobr spot-analyses) are very 
useful, and— when filtration is not necessary — are as 
trustworthy as those in which the change of colour 
occurs in the bulk of the solution itself. Other precipita- 
tion methods in whicli the final point is determined without 
the aid of a colour-change, are liable to mislead. For 
this leasou I have included in the present work (which 
IB not intended to he an encycloptedia of volumetric 
tethods) only those processes the termination of which 
u be accurately determined by means of a colour-change, 
'*« methods described are, however, sufficient for the 
e this word aa equivalent to the German 
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analysis of all ordinary substances, and do not necessitate 
the preparation of any great number of standard solutions. 

In this book I have made use of the old formulae in pre- 
ference to those which are en-oneously styled " modem." 

These modem formulae are founded on the most daring 
hypotheses. I believe that the distressing complexity 
which they have produced, and the phraseology which 
has accompanied them, far outweigh any slight advantage 
which they have bestowed upon science. If a formula 
be regarded as a number representing something which 
really exists, then, so far at least as inorganic chemistry 
is concerned, the modem method must be abandoned. 
Experiment tells us that the substances CaO and SO3 
combine to form a new substance CaOSOg, that MnO 
and SO3 form MnOSOg ; but we do not know that sub- 
stances having the composition expressed by the formulse 
CaSO^ and MnS04 really exist, because SO4 is a sub- 
stance whose existence is only hypothetical. But if 
formulae are to express really existing substances, such 
hypothetical speculations are out of place.^ 

§2. 
Instruments for Yolnmetric Work. 

a. Burettes. — The most important instrument em- 
ployed in volumetric analysis is the Burette (Fig. 1), 
which consists of a glass tube graduated in fifths or 
tenths of a cubic centimetre. Burettes having a capacity 
of 20 and 50 cb.c, and graduated in one-tenths cb.c, are the 
..most useful for general work. The lower extremity is 
drawn to a narrow opening, and a small glass tube, also 
drawn to a point, is attached to this extremity by means 
of a little piece of caoutchouc tubing, which is encircled 
by a brass pinchcock (Fig. 2), by opening or closing 
which the flow of liquid may be regulated. ^ 

1 See Translator's Preface. 

2 Burettes are now fumitihed "with glass stopcocks, which are in 
> every way preferable to the more old-fashioned tube and pinch- 
cock arrangement. Dr. Fleischer thinks that this ioxni ol 'Wt^W.^ 
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§2. 

liie burette is mounted upon a stand; the form of 
stand shown in the figure is one of the best. The burette 
is filled with the standard liquid, and by opening the 
stopcock the level of the liquid is adjusted at the zero 

. mark on the instrument. Care must be taken to remove 
any air bubbles which may have found their way into 
the liquid in the burette. In technical laboratories and 
places where liquids are allowed to remain in burettes for 
considerable periods of time, the upper orifice of the ia- 
stmment should be covered (most simply by means of a 
test tube) to prevent dust from falling into the liquid. 
Another form of burette, introduced by Gay Lussac, 

- is shown in Fig. 3. This instrument is furnished with 
two tubes, one of which — viz., the exit tube for the Kquid — 
is much narrower than the other. In tlsing this burette 
the level of the liquid is adjusted to the 
zero mark. Any air bubbles are removed 
by sucking at the opening of the wider 
tube ; by inclining the burette the liquid 
is caused to flow steadily out of the 
oriBce of the narrower tube. A steady 
flow of liquid may be insured by pressing 
the finger sharply against the mouth of 
the wider tube from time to time, or by 
closing this tube with a cork, carrying a 
bent glass tube, through which air may 
be blown when required. This burette 
is mounted upon a wooden foot. ' 

is poBsegaed of little advantage over that described 
io the text ; this opiaioii is uot shared in bj those 
who have worked miich with both forma. Fig. 
2 a diowa the glaaa stopcock held in its place by 
means of a caoutchouc ring ; tliis aimngemeDt ts 
rery satisfactory.— TV. 

' Since the introductioD of burettes furnished 
with glass stopcocks, Gay Lussac's instrument 
has been little used: it was chiefly employed for 
containing liquids (permanganate, iodine, &c.j 
which exert an action upon caoutchouc. In read- 
ing off burettes the instrument called Erdmauu's 
float 13 Terr useful. This instrument consista of an elooffiited glass 
balb conttuning a little mercury ; it is made of aac^ & OL\uai«\ftT %% 




It is above all things essential ia reading off borettes 
that the instrument should be firmly clamped in one posi- 
tion, and that a few minutes should be allowed to euipse 
after closing the stopcock before the reading is taken, so 
that the level of the liquid may become constant. 

If the liquid in the burette be so dark-coloured as to 
be opaque, the light must be allowed to fall upon the: 
instrument, and a piece of white paper must be held 
behind the liquid. The upper level of the meniscus is 
read off. In the case of colouiless, or but slightly coloured 
liquids, a piece of paper is held a few millimetres higher 
than the level of the liquid in the burette, and the lower 
level of the meniscus is read off. In each case the ey( 
ought to be maintained at the level of the liquid in tJie 
burette. 

b. Pipettes. — A pipette is an instrument for measur- 
ing off quantities of hquid. Fig. 4 represents a pipette 
graduated from 1 to 5 cb.c. in hundredths of cb.c. and used 
for delivering vai-ying quantities of liquid. Such pipettes 
are graduated to contain a certain volume, or to delivei* 
a certain volume of liquid. Figs. 5 and 6 represent 
,_,,;;_^ pipettes which are graduated for one volume of 
liquid only, and which therefore differ from that 
just described. These pipettes are furnished with 
a mark which indicates the quantity of liquid de- 

Hhall allow it to slide easily inside of the burette wiUtoaC' 
toucluDg either side. A line la acratched encirclt ug thebolV 
near its centi-e. Tbe quautity of mercury is adjusted so tluti 
thebulblloats wholly immersed in the liquid in the burette. 
The level of this liquid is adjusted so that the mark on 
float is exactly coiiiddeut with the zero mark on 
burette. See Fig. 3 a. Dr. Fleischer only recommends 
the use of Erdmann's float when wide burettes are employed. 
To me it appears ditficult always to hit u[ion the esact 
reading without dome such aid as this, even when uamnr 
burettes are used, because a slight alteration in the posi- 
tion of the eye may make a coaaiderable difference io the 
readings. There is, however, no doubt that the readinees 
with which drops of liquid slick to the aides of the burette 

le float is a drawback to the use of this iuatmment in narrow 

. — Tr. 



Uvered by the instrument. For pipettes intended to 
contain email C[uaiititiea of liquid (2 to 6 cb.c.), the form 
lepres^ited in fig. 5 is to be pi-eferred; lai'ger pipettes 
may be made of the form shown in fig. 6. In using 




Fig. 5. Fig. 6. 

pipettes the liquid is sucked up, generally by the mouth, 
and the upper orifice is closed by means of the finger, 
as shown in the figure; by allowing air to enter at 
this orifice the Hquid is caused to fiow out at the lower 
opening of the pipette. The liquid should be allowed 
to flow against the side of the vessel contaimn^ Vide 



solatjon nnder csamination, and noi directly ml 
itolution, in order that loss by spirting may be ai 
In gtadoating pipettes to deliver & certain TOlanw, 
the liquid is allowed to flow freely from the pipette, 
attd the drop which adheres to the instmment is 
removed by touching the surbce of the li<|aid in the 
vesBel underneath. From the volume of liquid so de- 
termined the pipette is graduated. The 61m of hquid 
which remains in the pipette should not he removed by 
blowing into the instrument. A pipette so graduated is 
called a " free flow and touch " pipette.' 

c. MEASi"Bi>"<i Flasks asd Mixisg Cv'lisdkes. — 
Measuring flasks (%. 7) are of various sizes, containing 
from 100 t« 1000 cb.c. The 
neck of these flasks is nar- 
row, and is marked at a point 
indicating the volume of 
liquid contained by the flask 
when filled to that mark. 
These flasks should be fur- 
nished with glass stoppers. 
They are used for measuring 
large volumes of liquids, and 
for preparing standard soln- 
tions.- 

Mixing cylinders (figs. 8 
and 9) are employed for 
like purposes ; their indica- 
tions are not (from the form 
, ' of the vessels) so trustwor- 

thy as those of measuring 
'' '■ flasks. If these cyliudere 

are employed for measuring liquids, the larger men 
(250 to 500 cb.c) should show difl'erences of 5 cb.c., and 
the smaller (50 to 200 cb.c.) difl'erences of 1 cb.c. 




' See note at enii of paragraph 3. 
' It in veiT itaeful to gradiiale thes 
Jiver definite volumeB.— Tr. 
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AvoidaQce of Eiiors in Ueasnring LiqnidB and in Titrating^. 

Nature alone presents us with measures of mathematical 
eKaetitude. The most carefully conBtructed standards 
are not absolutely' eowt. Even were we possessed of 





Fig. 9. 

standards of alwulutr. ncciiracy, our measurements carried 
out -with the ai.l of thesi.' standards would not be alto- 
gether exact ; because over and above the ' personal error ' 
of the observer, there are a number of errors due to 



physical and psychological causes, which creep into eveiy 
measurement. In cei'tain cases, the magnitude of the 
' experimental eiTors ' may he calculated by the mathema- 
tical method of least squares. In Analytical Chemistry 
attention is chiefly paid to the errors inherent in thi 
process of analysis itself (chemical errors), or to those 
dependent upon the method by which the process 
carried out (physical errors). It is to a consideration 
of the last-named en-el's that this paragi'aph is to be 
devoted; the chemical errors will be considered whea 
the different titration methods are described. 

The metric system is now adopted throughout Eun^^ 
with the exception of England, where the people 
adhere to a system of weights and measures which has 
attained almost to the greatest possible degree of badness. 

The weights and measures used in chemistry ought t 
agree with the standards, yet in every set of weights, and 
still more in each set of measuring Basks, there are found 
small differences between weights or measures profea ' ^ 
to be of the same value. To do away with these differ- 
ences ought to be one of the objects of the instrument- 
maker. But in Analytical Chemistry we only require 
relative, not absolute, exactness in the weights 
measures employed. Thus, the I gram piece must be ex- 
actly 10 times heavier than the O'l gram ; the litre mttSt 
really contain 100 times as much as the 10 cb.c. pipette, 
and so on. So also 1 litre of distilled water at the standard 
temperature (generally ll'Il.— 17°"5 C.) must really weigh 
1,000 gi-ams : an 100 cb.c. flask filled with this water tr" 
the mark must contain exactly 100 grams of water, Sdc 

We generally find small differences in the capacities o 
burettes, pipettes, and measuring flasks. In order to 
correct for these differences, the quantity of water actually 
contained in the given vessel must be weighed, and from 
its weight the volume of the water must be found. In a 
similar manner the value of each cubic centimetru 
division in the burette should be determined.' But theni 
still remain sources of eiTor. Let us adopt a fixed limit 
eiTor. 

' See note at eud of this paragraph. 



Tn a good analytical method the error should not exceed 
Jth to Jrd of a per cent. In technical analyses the error 
often amounts to ^ per cent in good methods. 

In a good titration method, which is founded on a 
definite chemical reaction, the chemical error is small, 
and acarcely amounts to Vd^'Ii f>^^ cent. The errors of the 
process are to be traced to inaccuracies in the standard 
solutions, erroi's in the instrutnents, and errors in deter- 
mining the final point of the reaction. The chemical 
error may then amount to Ath per cent, and we may set 
down the en-or due to the instruments and liquids as also 
•^th per cent, making in all ^th per cent. We must 
then use instruments the error of which does not exceed 
■jVth per cent. It b scarcely possible to attain this degree 
of accuracy with all measuring instruments. A litre 
flask may readily be accurate to Ta'Asth, that is, to 1 cb.c, 
or even to 0-5 cb.c: the quantities of water delivered from 
a 20 cb.c, pipette will, however, hardly differ by less 
than 0'02 grams ; and the weights of single cubic centi- 
metres of water delivered from burettes will generally 
differ by more than one milligpam. Large volumes of 
liquids can therefore be measured with greater exactness 
than small volumes. The error in measuring volumes of 
liquids less than 20 cb.c. will amount to Jth to Vtrth per 
cent. In the case of larger volumes the en-or may fall 
below T'nth per cent. 

- But, in determining the final point of the reitction, a 
source of error than that due to i 



in measuring vessels is liable to creep in. It is possible to 
read off the indications of a burette to Vgth cb.c., but we 
ina7 suppose that the readings differ among themselves by 
i\tn of a cb.c. One drop from a burette corresponds to 
about snth cb.c. ; in some reactions the addition of one drop, 
more or less, serves to complete the reaction : let us suppose 
that in an exact titration the error due to the excess or 
deficit of reagent added amounts to two drops, i.e., 
to Toth cb.c. If 10 cb.c. of liquid be employed in a 
reaction, the error in the analysis, on the above supposi- 
tion, may amount to 1 per cent. The possibility of such 
an error ia siifficient to cause us to call in qaestiOTv V)t\i4 
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exactitude oven '^f-he oesx. lixracioa methods. But it is 
I'Wdout chat :he 'jaasrnitude oi this 'frror decreaaes, the 
^ri^tttor 13 the volume :>f iuuid employed. If 20 cb.a be 
'istMi, :ui -Tror ^f :h ^t a 'jb.c. either way correaponds 
ro »>•:> 'L^er .*eat. In Tder :o i*etiuce the error to 0*2 per 
■vnt. ;iit Least "^0 ob.c. ^r 'iuuid must »De made use o£ 

It iias jeeii 'iroposeit ;;o i.'arry out the titratioii by 
:ueans .)t two liuuii.is. -.i less diute. by means of which 
rhe jrroator Tiart .>i the reaction is accomplished, and a 
mi>i*e tiilute, which serves for '.ietermining the final point. 
-Utlioiiixh this methoiL is -.^ffcen used, vet I cannot see 
what ijn^»at :id^Tintages it possesses over the other in 
which but >>ne iquid is employed: and ohietly because it 
is utH.*es8arv. in manv reactions, to add a certain amall 
cxii^ss v^i liiuiid. which excess corresponds to so many 
uKm^ voUimes oi staudani the more •Ulute that standard 
is. W^} .irrive more easily at a i^ater degree of precision 
hv aiTanijfinir the amount '">f substance used, so that at 
least "iO cb.c. oi the standaixl Ui[uid shall be employed 
in citi-ation. If less than this volume he used, it is better 
to mak.* a new analvsis. and to use such an amount of 
the ^ulvitance aa shall insure that oO cb.c. at least be 
required. If, however, it is not possible to use such a quan- 
tity of the substance under examination, a dilute standard 
soluti«)n is specially prepared, by the use of at least 50 cb.c. 
of which the titration is carried out. If it be necessary 
to employ a larger quantity of standarl li<][uid than that 
which the burette contains, it is not advisable to refill 
the burette several times, but rather to run in a measured 
quantity of liquid from a pipette, and to finish the 
titration by the use of the burette. 

Although we have thus arrived at the conclusion that 
the greater the volume of standard liquid employed the 
greater will Irte the accuracy of the determination, and 
that the minimum quantity of liquid should be 50 cb.c, 
it is nevertheless not to Ije supposed that in every analysis 
no smaller volume than this can be made use of. Ac- 
conling U) the value which is placed on an exact deter- 
mination, HO will a greater or less quantity of the substance 
bo weighed out for analysis. 
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For instance, in the estimation of the alkali in a sample 
of soda, containing 1 per cent of common salt, an error in 
the determination of the latter substance even amounting 
to 1 per cent is of little consequence ; but in the estima- 
tion of the alkali care must of course be taken that the 
volume of test liquid employed amounts to at least 50 
cb.c., so that the error of determination may not exceed 
0'20 per cent. 

I have now to show how the error in the determination 
of the 4iial point of the reaction neutralizes and eliminates 
smaU errors in the measuring instmmente. Suppose that 
we axe working with absolutely correct standard liquids. 
The error of measurement in the burette amounts to 0*2 
per cent : 50 cb.c. therefore really correspond to 501 cb.c, 
and in every titration there is therefore an excess of 0*1 
cb.c. employed. Suppose that in a titration of sulphuric 
acid 50 cb.c. have been used, and suppose that each cb.c. 
corresponds to 20 m.gm. SO3, we should therefore have 
found 50 X 20 = 1,000 m.gm. SO3. We have, however, 
actuallyused 501 cb.c, which corresponds to 1,002 m.gm. 
SO3; but inasmuch as the excess used in determining the 
final point amounts to 01 cb.c, the two errors neutralize 
one another, and the result — ^viz., 1,000 m.gm. SO3 — is 
correct. 

Let us now suppose that 50 cb.c. on the burette really 
corresponds to 49*9 cb.c, we should have the following 
result— 

With 01 cb.c excess there 

has been used . . 50 cb.c— 1,000 m.gm. SO^ 

Really used, . . . 499 „ = 998 „ 

True amount corresponds to 49*9 „ = 998 „ „ 

Instead of 998 m.gm. we have found 1,000 m.gm., and 
have made an error of 0*2 per cent. But inasmuch as 
there is really an error of 0*2 per cent in the measure- 
ment, which error has not been taken into account, it is 
evident that the error in determining the final point of 
the reaction has eliminated the error in measurement. 
Errors of 0*2 per cent in the burettes do not therefore 
really introduce errors in the titration wlien ^e> N^otV 
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with standard liquids which are eocactly correct. In 
order that these liquids may be correct the error in the 
measuring instruments must not exceed xVth per cent. 
We must also be careful to use our liquids at the standard 
temperature of 14°*5 R, or at least within the limits 
10°to20"R. = 12"oto25"C. 



Note on clete}'mining the Capacity of Measuring 

Instmmejits. 

In determining the capacity of measuring instrumentSy 
especially of the larger instruments, it becomes important 
to carry out the determinations at a fixed temperature. 
Some analysts recommend that each instrument should 
contain really that number of volumes of water which it 
indicates: for example, that a litre flask should really 
hold 1,000 cb.c. of water. If this method be adopted, the 
water must, of course, be measured at its point of 
maximum density, viz., at 4"" C. Other analysts (and with 
these Dr. Fleischer appears to agree) recommend that the 
instrument should contain that volume of water which is 
indicated upon it, but measured at a temperature which 
more nearly approaches the ordinaiy atmospheric tem- 
perature than 4**. Whichever plan be adopted, the whole 
set of measuring instruments must be graduated on the 
same system. 

In graduating measuring instruments the foUowing 
table will be found useful — 

The weight of 1,000 cb.c. of ituter at t" C. when deter- 
mirn^d by means of braids tce'ightif in air at t° C, and 
under a pi'esifuvtf of 760 VLm. of viercury is equal to 
1,000— X grams} 
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In graduating measuring vessels the temperature 
of the water employed must be noted, and a correc- 
tion made if necessary. Let us suppose that it is 
required to graduate a one-fourth litre flask to contain 
250 cb.c. of water at 4° C, and that the tempera- 
ture of the water is actually 17°, 1,000 cb.c. of 
water at this temperature weighs — ^according to the 
table — 1,000 — 220 grams, therefore 250 cb.c. weighs 

2*20 
250 —=249*45 grams. The flask is tared on the 

balance, 249*45 grams are placed in the other pan, and 
distilled water is poured into the flask until equilibrium 
is restored. If, however, the flask is to contain 250 cb.c. 
of water at 16° — which is often chosen as a mean tempera- 
ture — and if the temperature is actually 17°, the very 
small correction which is theoretically required may 
safely be disregarded. In practice it is therefore prefer- 
able to graduate our measuring vessels so that they shall 
contain the indicated volume of water at a temperature 
of 16° to 18° C. 

In graduating pipettes the instrument is filled with 
water to the mark ; the water is then allowed to flow 
into a dry and weighed beaker ; when the last drop has 
run out the point of the burette is caused to touch the 
surface of the water, and the beaker and its contents are 
again weighed. The actual capacity to the mark is thus 
determined. If the weight of water be too small or too 
large, the burette is again filled beyond, or scarcely to, 
the mark ; the level of the water is indicated by a line 
drawn on a piece of paper gummed on to the stem, the 
water is run out and again weighed, and so on tiU the 
correct graduation is obtained. 

A more ready, and, in all respects, as accurate a method 
of graduating pipettes has been described by Thorpe in 
his Quantitative Chemical Analysis, pp. 119-121. In 
this method the pipette is filled with water, which is 
then allowed to flow out, and the point of the instrument 
is touched against the surface of the water ; a piece of 
caoutchouc tube canying a thermometer tube drawn to a 
line point, and furnished with a pinchcock, ia iglVa^i^A. on^x 



the upper orifice of the pipette, and the whole is sus- 
pended from one end of the beam of a balance, and 
accurately tared- The thermometer tube is withdrawn, 
0. piece of ordinary tubing is put in its place, and the 
pipette is filled, past the mark, with water, the piacheock 
is closed, and the thermometer tubing replaced. Weights 
representing the amount of water which the burette 
should contain are now placed in the other pan of the 
balance. By slightly opening the piuehcock water is 
allowed to flow very slowly from the burette. The 
instant that equilibrium is restored, the pincheock ia 
closed, and the level of the water is marked on the 
of the burette. — Tr. 






Preparation of Standard and Normal Solutions in 

Standard, and normal solutions, are solutions containibg 
a determinate weight of substance dissolved in a definite 

i volume of liquid. These solutions are generally prepared 

by dissolving the amount, in grams, expressed by the 
formula of the substance in one htre of liquid. Thus, one 

I litre of normal hydrochloric acid contains 36'5 grams of the 

-- acid(HCl.) 

It is oftentimes necessary to employ more dilute sola- 
tions. When this is the case deci- and centi-nonnal 
liquids are prepared by diluting normal solutions with 
9, or 99, times their volume of water, so that the litre o<mi- 
tains Voth or Tioth of the amount, in gi-ams, expressed by 
the formula of the substance. In the use of tKOinal 
solutions prepared as described, very little calculation is 
required. Thus, 1 cb.c. of normal hydrochloric acid con- 
taining 3G*5 m.gm. HCl neutralizes an equivalent irf 
caustic soda in m.gra3,— i.e., V) m.gm. ; 2 cb.c. neutralize 
80 m.gm. NaHO, and so on. (In old notation 1 cb.c. 
normal acid neutralizes 32 m.gm. NaHO.) In order to 
obtain the quantity of caustic soda in a given solution 
the number of cubic centimetres of normal hyOrochlorie 

D acid required for neutralization must be multiplied brilBH 

fc. - . Ji 
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combining number of caustic soda. Besides normal 
solutions othera are required, the strength of which is 
determined by titration against a known weight of the 
substance for the estimation of which they are to be em- 
ployed. Thus, in estimating silver, a solution of sodium 
chloride is needed, each cubic centimetre of which is 
. capable of precipitating 5 or 10 m.gm. of metallic 
sUver. ^ So again a potassium permanganate solution 
is required for estimating iron, 1 cb.c. of which is equi- 
valent to 10 m.gm. of iron. These solutions are also 
frequently diluted to Ath or Tj^jth of their original 
strength. 

The strength of standard solutions, however prepared, 
must be most carefully determined ; and the determination 
should be repeated from time to time, as the strength of 
all solutions does not remain constant. 

In preparing standard and normal solutions the follow- 
ing general points ought to be attended to : — 

If a normal solution is to be prepared by dissolving a 
solid substance, the greatest care must be taken that the 
solid be perfectly pure and in a form represented by a 
definite chemical formula, so that the reaction, on which 
the use of the liquid is based, may be accurately calculated. 
For instance, in preparing normal sodium carbonate solu- 
tion, chemically pure bicarbonate must be strongly heated 
, until the water is entirely driven off and until the salt is 
converted into normal carbonate. In other instances the 
salt is weighed after crystallisation. Thus, the hydrated 
barium chloride BaCl,2B[sO (BaC!12H0) is chosen. In 
many cases it is necessary to subject the salt to an 
exact quantitative analysis. 

The required quantity of the jsalt is. dissolved in a litre 
flask, in a little distilled water at the ordinary tempera- 
ture, 14° to 15° R.=17°*5 to 18°7 C. After complete 
solution, the litre flask is made up nearly to the mark 
with distilled water, with constant shaking. Any air 
bubbles are allowed to escape, and distilled water is added 
until the level of the liquid exactly coincides with the 
mark on the neck of the flask. 

It is not advisable to prepare smaHer qyxaTi\)\\Aa^ <i!l 
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standard liquids than 500 cb.c, because the errors both of 
weighing and of raising are greater when small quantities 
of liquid nvo prepared. In preparing standard solutions 
of liquid siili^UiTices, the specific gravity of the chemically 
pore liqitiil i-. to be determined either by means of the 
specific yi;ivitv- bottle, or by filling a tared J litre flask 
with the liquid and weighing it. The former method is 
more reliable. The hydrometer can only be employed 
for determining specific gravities of liquids, which are. to 
be used in the preparation of normal solutions, when the 
indications of the instrument are trustworthy to the 
third decimal place. From the specific gravity, the 
quantity of the chemical compound in the liquid is 
determined by aid of the tables at the end of this 
book; the proper quantity of liquid is measured off 
into a litre flask, which is then filled to the mark with 
distilled water. 

A bettpr method, however, for preparing normal solu- 
tions of liquid substances, consists in determining by 
analysis the quantity of the definite chemical compound 
contained in a given volume of the liquid in question, and 
from this calculating the quantity of liquid which must 
be employed. Normal liquids should be titrated against 
a solution containing a determinate weight of some sub- 
stance, the actioa of which upon the liquid is definitely 
known, or against another normal solution which is known 
to be (if tliu proper strength, and the general actioa of 
which is opposed to that of the standard liquid under 
examination. In titrating the normal liquid, care must 
be taken that at least 50 cb.c. of the sdution used for 
j oontroUing the strength of the standard be employed in 
J wder that tnistworthy results may be obtained. Glass- 
■ ■stoppered bottles should be used for strong normal 

ids : these bctUes should be kept in a dark place, free 

a dust. 

1 directions for the preparation of the individual 

mal solutions will be given when describing the dif- 

ttt titration methods. 
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Filtration. 

Although a description of the ordinary processes of 
evaporation, weighing, igniting, &c., is quite beyond the 
limits of the present work, I am yet desirous of describing 
the process of filtration somewhat in detail. This process,. 
' which is so often tedious, is considerably shortened by 
the employment of the simple apparatus which I shall 
describe. In gravimetric analysis it is generally necessary 
to thoroughly wash all precipitates, because these are 
afterwards to be weighed and treated as chemically pure 
substances. Such complete washing of precipitates is not, 
for the most part, required in volumetric processes, inas- 
much as the correct titration of a substance is but seldom 
dependent upon its chemical purity. The following two 
principles may be laid down concerning filtration, in so 
far as volumetric analysis is concerned : — 

1. Complete washing of a precipitate is only necessary 
in those cases where the liquid from which the precipitate 
has been separated, contains substances which are capable 
of exerting an influence upon the titration of the pre- 
cipitate. 

2. If it be required to estimate one or more substances 
dissolved in^ii liquid from which a precipitate has been 
thrown down, the liquid must be diluted to a certain 
volume after the precipitation is completed, filtered 
through a dry filter, and a measured volume of the filtrate 
must be used for titration, the results obtained being cal- 
culated to the total volume. 

In reference to (1), I may remark that there is generally 
no difficulty in determining whether substances are 
present in solution which are capable of exerting an in- 
nuence upon the process of titration of the precipitate. 
Special attention will be directed to this point in the 
description of individual processes. 

In reference to (2) it is evident that the titration of* 
several substances simultaneously present in a solution 
becomes possible only when each is capable of \>e\w^ ^^\»^4. 
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upon only hy one, and not by many, definite test liquids. 
It is also to be noted that the Volume of liquid obtained 
by dilution must be at least 200 times as heavy as the 
dry precipitate. Calculated on the quantity of the sub- 
stance originally weighed out, 200 cb.c. of liquid must be 
obtained, as a minimuia, for each sraxn of substance. 

By following these fuadameutiu rules much time and 
trouble will be saved in processes of filtration and of 
washing. I take for granted a knowledge on the part of 
the student of the methods of filtration, whereby loss by 




■.- spirting, &C., ia avoided I may remark, in passing, that 

, I do not approve of bringing the filter along with its 

contents into the vessel in which titration is to be carried 

out, but prefer, whenever possible, to remove the precipi- 

.^ tate entirely from the filter. Ribbed filters are therefore 

it to be recommended in cases where the precipitate is 

■equently to be titrated. 

iny methods for securing rapid filtration have been 

led; among these the use of Bunsen's filter-pump 



holds a pre-eminent position. This method, notwith- 
standing its many advantages, has certain drawbacks. 
S'inely divided precipitates are veiy liable to pass 
through the pores of the filter, especially when filtra- 
tion IS conducted under considerably diminished pres- 
sure. K the platinum cone get a little out of shape, the 
filter paper ia exceedingly liable to be torn during the 
filtration : lastly, the apparatus is not transportable. 
These drawbacks are obviated in my apparatus, which is 
of very simple constmction The apparatus will be 
understood by reference to fig 10. The flask has a 
capacity of | to 1 litre the neck of the flaak is 5 or 6 cm. 
m width the diameter of the fuunel is 6 to 7 cm. : the 
-width ot the tube of thi.s funnel must not, however, exceed 




(i mm Tht, ^li nil n \ ibiut 1 dc.m. in length, and 
4 to 5 mm m width it communicates by means of 
<.aovitchouc tubing Mith thu tube bent at right angles, 
which passes through a hole m the cork of the flask. The 
pinchcock q shuts off commumcation with the outer air ; 
when this communication is to be opened, the pinchcock is 
moved on to the tube m. All joints must be thoroughly 
air-tight, and the filter must accurately fit into the funnel. 
To attain the latter purpose two filters are cut, one corre- 
sponding in size to the funnel, the other possessing a radius 
of oidy 1 to 1^ cm. (but not less). Both filters are folded 
intohalf circles, and the larger is placed within the smaller, 
so that the centres of each coincide, as shown in fig, 11. 
The filters are then fiirther folded in the ordinary manner, 
and a filter is thus obtained double at the iia.TYONT eo.^. 



but single throughout its greater extent. The filter ia 
placed in the funnel (the point being depressed into the! 
fiinnel tube as much as possible), and thoroughly wetted. 
By applying suction at m. the filter is pressed tightly 
against the funnel, so that the passage of air between 
funnel and filter during filtration is, as far as possible, 
prevented.^ 

The method of using the apparatus is simple. '^ __ 
placed on m, and a few drops of liquid are allowed to' 
paaa through the filter ; suction, several times repeated, is 
-applied at 7ii (the caoutchouc tube being closed by q 
between each application). If any air passes through 
between the filter and funnel, the filter is carefully pressed 
against the funnel, again wetted if necessary, and suction 
is once more applied at m. When the air in A has been 
sufficiently rarefied, the caoutchouc tube is closed by 
means of the pinchcock. On account of the rarefaction 
of the large volume of air in A, the apparatus works un- 
interruptedly, until the liquid has all passed through the 
filter. "■ 

Afresh quantity of liquid ia now placed on the filter,' 
-and suction is again applied at m. On account of the 
double point of the filter, even finely-divided precipitates 
yield perfectly clear filtrates. The rapidity of filtration 
is four or five times as great as by the ordinaiy method. 
When filtration is complete, and the precipitate has been 
washed, the cork of A is removed, the fiinnel is placed 
over a beaker, and the precipitate is washed through the 
perforated filter into the beaker, or the precipitate and 
filter are removed (this is easily done by blowing in at m), 
the filter is spread upon a glass plate, and the precipitate 
is washed into a basin. 

If it be desired to dry, ignite, and weigh the |irecipitate, 
the filter is carefully removed from the funnel, placed in 
another funnel, and dried in the hot chamber. 

No great effort ia required in order to produce the 
necessary degi-ee of rarefaction in A : four or five good 



§ 5. ' . FILTRATION. 31 

\ 

\ 

inspirations are sufficient to cause the total liquid con- 
tents of the funnel to pass quickly through the filter. 

The filter paper employed must be of a strength such 
that a single layer of it is sufficient to resist the increased 
pressure to which it is subjected (the rarefaction in A is 
genei'ally equal to about 1 metre of water). Such paper 
is not^ however, to be altogether relied upon ; it does not 
adhere well to the sides of the funnel I have therefore 
recommended the use of a filter which is double at the 
point The use of too fine paper introduces a risk of 
tearing the filter. I find that one sq. dcm. of the paper 
used by me weighs, when dry, 0*824 grams. The presence 
of acetic acid or of ammonia, even in hot liquids, if these be 
not very concentrated, causes no inconvenience ; in such 
cases it is, of course, easy to intercalate a tube containing 
ferrous sulphate, or soda. 
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SECTION II. 

ANALYSIS BY SATURATION. 

(Alkalimetry and Acidimetry.) 

"TTOLUMETRIC analysis, by means of saturation, in- 
^ eludes those processes in which a base is neutralized 
by means of acids, or an acid by means of bases — ^the 
quantity of base or of acid used serving as a datum whence 
the amount of the substance to be estimated may be 
calculated. The processes of analysis by saturation may, 
therefore, be divided into two classes: Alkalvmetry (esti- 
mation of bases) and Addvmetry (estimation of acids). 

§6. 
Standard Solutions. 

Two solutions are required — ^an acid, for alkalimetric 
processes, and an alkali for acidimetric. 

As acid solutions, it has been customary to employ 
either oxalic or sulphuric acid ; these are both non- 
volatile. No objection could be taken to the employment 
of these acids, did they form easily soluble salts with the 
metals of the alkaline earths (which earths it is so 
frequently required to estimate volumetrically), and had not 
experiment shown that nitric and hydrochloric acids form 
quite as permanent and more easily used titration liquids. 
My own experiments have proved that the strength of a 
noimal hydrochloric acid solution is unaltered a^r half 
a year's keeping ; nor have I been able to obtain any add 
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reaction with litmus paper placed in the steam given off 
by a solution of ^\ or even i normal acid kept in ebullition 
for 10 minutes. The ease vdth which pure hydrochloric 
acid may be obtained, and the fact that this acid forms 
readily soluble salts with the metals of the alkalies and 
of the alkaline earths, recommend this acid in an especial 
manner as a standard for titration processes. Hydro- 
chloric acid has the further fact in its favour that it does 
not exert an oxidising action as nitric acid does. Moreover, 
the quantity of true hydrochloric acid in any solution may 
be estimated not only by acidimetric processes, but also, 
as a control, by means of silver. I invariably make use 
of hydrochloric in preference to all other acids in my 
alkalimetric processes. The hydrochloric acid which is 
to be employed for preparing standard liquids should give 
no blue colour when tested with potassium iodide and 
starch after neutralisation with sodium bicarbonate, (the 
production of a blue colour being indicative of the 
presence of free chlorine). Norshould the blue colour which 
is produced by adding one drop of iodine tincture to starch 
paste be destroyed by the addition of a small quantity of 
the acid (proving the absence of sulphurous acid). After 
partial neutralisation with ammonia, the acid should not 
be rendered turbid to more than a very slight extent by 
the addition of barium chloride ; the presence of traces of 
sulphuric acid may be overlooked. 

The quantity of chlorine in diluted hydrochloric acid 
may be estimated by means of silver nitrate, and from 
the numbers so obtained the strength of the acid may 
be deduced. But, inasmuch as hydrochloric acid very 
frequently contains metallic chlorides (shown by the 
formation of a residue when a portion of the sample is 
evaporated on platinum foil), this method cannot be 
trusted to give the absolute quantity of pure acid. It is 
better to titrate the acid against a solid substance. 
Chemically pure calcium carbonate is very suitable for 
this purpose. This salt is prepared by adding a little 
ammonia and a few drops of ammonium sulphide to a 
solution of calcium chloride, boiling, filtering from any 
precipitate which may form, and adding an excess of 

c 
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ammonium carbonate to the boiling filtrate. The [pre- 
cipitated calcium carbonate must be washed with hot 
water so long as the washings are rendered turbid by the 
addition of silver nitrate after acidulation with nitric 
acid. The dried precipitate must be heated in a platinum 
crucible until the sides of the vessel just begin to glow. 
If the heating be then stopped, there is no necessity for 
moistening with ammonium carbonate solution and 
heating again, as is sometimes done. The ammonium 
carbonate is liable to contain traces of chloride. 

Before detailing the process for detei^nining the strength 
of the standard acid, I shall describe the preparation of 
the liquid which I always employ in place of the 
troublesome, although generally used, standard caustic 
potash. 

It is difficult to prepare pure caustic potash ; when 
prepai'ed, this substance is very readily converted into 
carbonate by the action of the air. Hence it is exceedingly 
difficult to preserve standard solutions of potash unaltered. 
In addition to these drawbacks, caustic potash, because of 
the method of its manufacture, very frequently contains 
calcium hydrate, a circumstance which militates power- 
fully against its use in the analysis of calcium salts. 
Finally, caustic potash acts on glass, and a standard 
solution kept in glass bottles, therefore, alters in strength. 
On the other hand, there is no difficulty in obtaining 
chemically pure caustic ammonia; this liquid does not | 
readily undergo transformation into carbonate ; its acti(Hi I 
on litmus is as marked as that of caustic potash. Half- f 
normal caustic ammonia which I kept for three months in 
glass-stopped bottles was shown to be free from carbonate 
at the expiry of this time. Caustic ammonia is volatile, 
nevertheless I find that the alteration in the strength of a 
half-normal solution amounts, after four months' keeping in 
a glass-stoppered bottle, to so small a figure as to be almost 
without influence upon the processes of titmtion carried 
out with the solution. I have not been able to find any 
alteration in the strength of such a solution after it has 
been kept for one month. A slight change in strength, 
when the real amount of ammonia may be easily estimated 
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-at any time, is, however, more than compensated for by 
the facts that ammonia is not readily transformed into 
<5arbonate, that it may be easily obtained pure, and that 
it is a more agreeable liquid to work with than caustic 
potash. For these reasons I have been in the habit of 
employing half-normal caustic ammonia solution in 
acidimetric analyses, and have had every reason to be 
eatisfied with the results obtained. 

The normal hydrochloric acid solution must con- 
tain 36*5 m.gm. of acid (HCl=36o); and the half-normal 
ammonia must contain 17'5 m.gm. of ammonia, calcu- 
lated as NH.HO (NH^HOmSS), or 85 m.gm. calculated 
as NHg (NIl3=l7) per cubic centimetre. 200 cb.c. of 
•chemically pure hydrochloric acid are mixed in a litre 
flask with 800 cb.c. of distilled water; similarly, 120 cb.c. 
of pure caustic ammonia solution are diluted with 880 cb.c. 
of distilled water. To 20 cb.c. of the acid placed in a 
beaker glass, a few drops of litmus tincture are added, 
and the ammonia solution is run in drop by drop from a 
burette, until the red colour of the liquid in the beaker 
changes to a permanent blue. This process is repeated, 
-and from the mean result, the value of 1 cb.c. of ammonia 
solution in terms of the acid is calculated. 

1 gram, of chemically pure calcium carbonate is weighed 
out, 20 cb.c. of the hydrochloric acid are added, a drop of 
litmus is brought into the solution, and the whole of the 
carbonic acid is removed by boiling. After the clear 
liquid has become quite cold, the excess of acid is deter 
mined by means of the prepared ammonia solution. The 
number expressing the cubic centimetres of free acid in 
the liquid is deducted from 20 (the number of cb.c. of 
acid originally added), and the number of cb.c. of acid 
required for the conversion of 1 gram of calcium carbonate 
into chloride is thus obtained. Inasmuch as the reaction 
between hydrochloric acid and calcium carbonate is ex- 
pressed by the equation — 

2 HCl + CaC03=CaCl2 + COg + HgO, 

it follows that 100 m.gm. of calcium carbonate are neu- 
tralised by 36*5 X 2 m.gra. of hydrochloric acid: 1 cb.c. of 
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normal acid will therefore neutralise — m.gm. of cal- 
cium carbonate, or 20 cb.c. will exactly neutralise 1 gram 
of calcium carbonate. 

In order to calculate, from the results of such an 
experiment as that just described, the quantity of water 
which must be added to the prepared hydrochloric 
acid, in order to make an exactly normal liquid, the 

20 V 
following formula is employed — 0= ^,where ^repre- 

sents the volume to which the prepared acid must be 
diluted, V the actual volume of that acid, and v the 
number of cb.c. of the acid required to neutralise 1 gram 
of calcium carbonate. For example, if 16 cb.c. of prepared 
acid have been required, and if the total volume of acid 
amounts to 960 cb.c, then this volume must be increased 

to' — — ; — = 1,200 cb.c. in order to obtain normal acid— 

i.e., 240 cb.c. of distilled water must be added. 

(If the old notation be employed, the normal add 
must still contain 36*5 m.gm. HCl per cb.c. ; but each ' 
cb.c. of ammonia, if the solution is to be half nonnalr 
must contain 13 m.gms. NH^O. 20 cb.c. of normal 
acid will then correspond to 1 gram of calcium carbonate, . 
because CaOCOo = 50 and CaOCO2+Ha = CaCl + C0j 
+ H0.1) 

The results of one titration cannot be relied upon as a 
datum whence to calculate the quantity of water which 
must be added to the prepared acid in order to render it 
normal. Another experiment must be carried out, using 
3 or 4 grams of calcium carbonate, and, of course, a larger 
quantity of acid. After the acid has been diluted it is 
well to repeat the titration. As the ammonia solution is 
to be half normal, 2 cb.c. (=35 m.gm. NH4HO) of it must 

^ In tlie foregoing experiments it would be preferable not to 
attempt to weigh exactly 1 gram of calcium carbonate, but to weigh 
accurately about 1 gram, and, from the results of the titratioD, 
to calculate how many cb.c. of acid are required for the neutra- 
lisation of 1 gram.^z'.e., to calculate the value of v in the formula 
given. — Tr, 
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neutralise 1 cb.c. of normal acid. The relation between 
the acid and the ammonia must be several times deter- 
mined, using larger and larger volumes of ammonia /for 
titration. 

The. standard liquids are to be preserved in 'well- 
stoppered glass bottles, placed in a cool position, and 
nccui'ately labelled. The date of preparation should be 
marked on the labels. If necessary, more dilute solutions 
may be prepared — half-normal acid and quarter-normal 
alkali — ^simply by adding the proper quantity of water to 
those already made. The standards, the preparation of 
which has been described, will however be found suffi- 
cient for all ordinary work. The analyses conducted by 
means of these liquids are generally completed by titrating 
back with the half-normal ammonia, and, inasmuch as 
2 cb.c. of this solution neutralise 1 cb.c. of the normal 
acid, any error due to the too hasty addition of the 
liquid is greatly diminished, and the excess of acid 
which has been added is much more accurately deter- 
mined, than if liquids exactly equal, volume for volume, 
were employed. 

A third solution, sometimes made use of in saturation 
analyses, is normal potassium carbonate. This solution 
serves for the estimation of combined acids, inasmuch as 
many soluble and insoluble salts are decomposed by boiling 
with this salt, with the production of insoluble oxides or 
carbonates, and the setting free of the acid. For instance, 
normal potassium carbonate solution is employed in the 
determination of the sulphuric acid in gypsum, the hydro- 
chloric acid in iron and zinc chlorides, &c. The use of this 
solution will be described under the heading of Special 
Methods. 

A normal solution of potassium carbonate is prepared 
by dissolving 1382 grams of potassium carbonate, prepared 
from the tartrate, in 1,000 cb.c. of distilled water. In 
order to determine whether the liquid so prepared is really 
normal, 20 cb.c. are saturated with 60 cb.c. of normal 
hydrochloric acid, the carbon dioxide is removed by boil- 
ing, and the excess of acid is titrated (after cooling) by 
haSf-normal ammonia. By making use of the Te«»\]Sx» ^o 
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obtained the liquid may be readily rendered normal, if it 
be not so already. 

The use of sodium carbonate in place of the potassium 
salt is not to be recommended. 

Many substances have been proposed as indicators in 
place of litmus tincture in the processes now under con- 
sideration. Most of these substances I have tried: cabba^ 
infusion, georgia tincture, extract of the seeds of Solanum 
guinanse, the colouring matter of the leaves of Coleus 
Verschaffelti, cochineal, logwood extract, iron sulpho- 
cyanide, Prussian blue, ammonium phlorizeate, turmeric, 
alizarin, and cyanin, &c., but I have always found that 
these substances are either not sufficiently sensitive, or 
that in the presence of traces of iron or aluminium salts 
their indications are not to be depended upon, or altogether 
fail. Cyanin is altered by carbonic acid. Rosolic acid 
has no special advantages over litmus and cochineal; its 
use is, however, strongly to be recommended in the titra- 
tion of alkaline sulphides, because it is unacted upon by 
sulphuretted hydrogen which bleaches most of the other 
colouring matters. I cannot, therefore, recommend any 
indicator for general use in preference to litmus tincture, 
and, when perfectly pure, alcoholic tincture of cochineal.* 
The best method of preparing litmus tincture consists in 
digesting commercial litmus with strong spirit of wine, 
decanting the liquid and extracting the residue with hot- 
water. The aqueous extract is then acidified with sul- 
phuric acid, and saturated with caustic baryta solution. 
The excess of baryta is removed by means of a stream of 
carbon dioxide; the liquid is heated to boiling and filtered. 

More simply, the tincture may be divided into two 
portions, of which one is rendered slightly acid, and the 
other slightly alkaline (by dilute potash solution); the 
two portions are then mixed. 

The tincture should be kept in bottles fitted with corks, 
having grooves cut in them to admit air. Like other 

' In old notation 69*1 grams KOCOj are employed per litre of 
water : to 20 cb.c, 30 cb.c. of normal acid are adaed. 

*^ For certain analysis Eosin is an exceedingly delicate indicator. 
See procesa for analysis of soap in Part III. — Tr, 
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I . . • 

vegetable decoctions, litmus rapidly becomes mouldy. 
The addition of a very few drops of a solution of salicylic 
acid in 30 to 40 parts of alcohol effectually prevents de- 
composition for a very considerable time without exercising 
any appreciable chemical action upon the litmus. I 
cannot too highly recommend salicylic acid as a preserva- 
tive for chemical reagents which are liable to undergo 
putrefactive decomposition. 

Cochineal tincture, on account of its being much less 
affected by carbonic acid than litmus, is preferable to the 
latter as an indicator in the titration of alkaline car- 
bonates, especially when the process is carried out in hot 
solutions. Turmeric paper is also used as an indicator, 
especially in the titration of coloured liquids. To prepare 
it, filter paper is soaked in an alcoholic solution of the 
colouring matter ; the paper is dried in a position where 
it is preserved from the action of the air — most easily in 
pasteboard boxes. If a drop of a liquid which contains a 
trace of free caustic alkali be brought into contact with 
this paper a peculiar reddish brown colour is developed. 

§7. 

Upon Determining the Final Point of the Reaction in 

Saturation Analyses. 

In all saturation analyses the determination of the 
exact point at which the change of colour marking the 
termination of the reaction takes place becomes a matter 
of the utmost importance. Certain rules must be observed 
in determining this point. 

Such a quantity of litmus should be added as suffices 
to render the liquid distinctly red when acid, and visibly 
blue when alkaline. If the final point is to be known by 
the sudden change from red to blue, every trace of carbonic 
acid must be removed from the liquid: this is best effected 
by boiling for three or five minutes after placing a very 
small piece of glass rod in the liquid. In using the standard 
ammonia solution care must be taken that the liquids 
to which it is added be perfectly cold: ammonium salts. 
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especially the snlphate, have the power of feebly redden- 
ing litmus in warm solutions. 

Cochineal tincture (prepared by digesting the material 
in dilate alcohol) shonld be employed in warm liquids, 
becanse any escaping carbonic acid is, in snch liquids, 
without action on the colouring matter. 

Cochineal cannot be used as an indicator in the presence 
of traces of iron or aluminium salts: it is much less suit- 
able for the titration of acids than for that of alkaline 
carbonates. By paying regard to these precautions the 
final point in titrations with caustic ammonia may be 
most accurately determined. 



A. — Alkalimetry. 

§8. 

Estimation of Caustic Alkalies and Alkaline Carbonates ; 
of Alkaline Earths and of Lead Ozida 

Solutions of the caustic alkalies and of the alkaline 
earths may be titrated directly by the use of normal 
acid, after the addition of litmus tincture. The more 
free the bases are from carbonic acid, the more easily 
are they titrated. This method of direct titi-ation is 
therefore especially applicable to the estimation of caustic 
ammonia, caustic baryta, and strontia, and freshly pre- 
pared caustic potash and soda. The process described 
for estimating the carbonates of the alkalies is more 
applicable than that just mentioned, in the cases of 
caustic lime and magnesia. 

The reaction of the carbonates of the alkalies is alkaline, 
but this alkalinity ceases when double carbonates, or free 
carbonic acid, are formed by the addition of the standard 
acid. Pure sodium, potassium, or ammonium bicarbonate, 
does not produce any blue colour with red litmus paper. 
In estimating alkaline carbonates, the titration must 
therefore eitner be carried out in boiling solutions, 
whereby the production of salts having acid reactions 
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is prevented, or an excess of standard acid must be 
added, and after the carbonic acid has been completely- 
expelled by boiling, and the liquid has become cold, the 
excess of acid must be determined by means of half- 
normal ammonia solution. The latter method is pre- 
ferable. The difference between the number of cb.c. of 
normal acid added, and half the sum of the number 
of cb.c. of half-normal ammonia employed, represents the 
number of cb.c. of normal acid required to saturate the 
amount of alkaline carbonate present. By using cochineal 
tincture in place of litmus, and by carrying out the 
process in a warm liquid, the quantity of alkaline car- 
bonate may be directly determined by titrating with 
normal acid, until the colour changes to yellowish-red. 
The more preferable method is, however, that described 
above, the half-normal ammonia being run in until the 
colour becomes blue-violet. In this titration the absence 
of alumina and iron must be ensured. 

The carbonates of the earths, and the difficultly 
soluble alkaline earths themselves, are estimated in a 
similar manner. The substance is suspended in water 
Seated to 60° or 70°, 20 cb.c. of normal acid are added 
by means of a pipette, and the heating is continued. 
The carbonic acid soon makes its escape from the warm 
liquid. If everything be not now dissolved, a further 
quantity of acid (10 cb.c.) is added. If on the addition 
of litmus the colour of the liquid does not at once 
become red, more acid is added. This addition of acid 
is continued until bubbles of gas cease to be evolved, 
and until the solution remains red after long-continued 
heating. After a sufficient measured quantity of acid 
has been added, the liquid is boiled for a few minutes, 
allowed to cool, and the excess of acid is determined 
by means of half-normal ammonia. Care must be taken 
that there is such a quantity of water present, as shall 
serve to dilute the excess of acid to 3 or 4 times its original 
volume. Thus if 10 cb.c. of acid have been added 
in excess, the liquid must measure at least 40 cb.c, 
else there is danger of traces of hydrochloric acid being 
lost during boiling. If the liquid be boiled in a beakftY, 
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the vessel must be covered with a watch glass to avoid 
loss by apirting. If a flask be used it should be held by 
means of a retort clamp. Forcelain basins are most 
useful in these alkalimetric titrations, both because of 
the ease with which carbonic acid escapes, and also 
because of the readiness with which the change of 
colour marking the close of the reaction may be de- 
termined. 

Lead oxide may be estimated by a method exactly 
similar to that just described for the alkaline carbonates. 
If the lead has been precipitated as sulphate, this 
salt may be collected, washed, and warmed for a few 
minutes with a measured volume of normal potassium 
carbonate solution. After filtering, the liquid is titrated, 
and the quantity of potassium carbonate so obtained 
(which represents the excess of that salt added over 
and above the quantity required for the decomposition 
of the lead sulphate) is deducted from the amount 
originally added. The residue represents the quantity 
of K2CO3 required to decompose the lead sulphate, and 
from this the amount of lead may be calculated. In 
place of this method, the following may be employed. 
The lead sulphate is decomposed by means of an 
unmeasured volume of potassium carbonate solution, 
the washed residue is dissolved in an excess of normal 
hydrochloric or, better, of normal nitric acid, the lead is 
precipitated as sulphate by the addition of sodium 
sulphate, and the excess of acid is estimated in the 
filtrate. 

In the forecroinor estimation it is to be borne in mind 
that 1 cb.c. of normal hydrochloric acid neutralises 
that amount of one of the caustic alkalies in m.gms, 
which is expressed by the formula ; but half that amount 
of either alkaline carbonate, alkaline earth, earthy 
carbonate, or lead oxide expressed by the formula of 
these substances. (In the old notation I cb.c. normal acid 
neutralises one atom of all these bodies.) 



§ 9. CAEBONATES AND CAUSTIC ALKALIES. 4^ 

§9. 
Mixtures of Carbonates and Caustic Alkalies. 

For analysing a mixture of these salts, the following 
process may be adopted. A weighed quantity of the 
substance is dissolved in water, and the solution is 
boiled with barium chloride. When the precipitate has 
somewhat settled, it is removed by filtration, and, after 
washing with hot water, the filtrate is titrated by means 
of normal hydrochloric acid. The quantity oifree caustic 
alkali is thus obtained. 

The washed precipitate is now to be dissolved in a 
■beaker in a measured quantity (excess) of normal hydro- 
chloric acid, and the excess of acid is to be determined 
by half-normal ammonia. The quantity of barium car- 
bonate is thus obtained, and from this the quality of al- 
kaline carbonate originally present is readily calculated.^ 

Two points are to bo especially noticed in carrying out 
this process. Only one alkali as carbonate and as caustic 
can be estimated in a given solution. The filtration 
should be carried out as quickly as possible, and in a 
covered filter, in order that the free alkali may not 
absorb carbonic acid from the atmosphere. 

The filtering apparatus already described will be found 
very serviceable here. The absorption of the barium- 
containing liquid by the filter paper is a circumstance 
which renders the process just described somewhat un- 
trustworthy. A better process for achieving the same 
aim will be described under Addimetry. I have, how- 
ever, detailed the present process in order to show how 
a compound may be indwectly estimated by volumetric 
processes. 

In the present case it is the barium carbonate which 
is actually determined, and from the results of this 
determination the amount of alkaline carbonate is deduced.. 

' 1 cb.c. normal hydrochloric = 98*5 m.gm. barium carbonate = 

BiCO K CO 

__! »^ = 69*1 m.gm. potassium carbonate = — ? ?, or 51 m.gm. 

2 2 

sodium carbonate = — ^r — -. — TV. 
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We shall hereafter frequently have occasion to employ 
indirect methods of analysis. These methods frequently 
enable us to do away with tedious separation processes 
■which would otherwise be necessary, 

§10. ' 

Alkaline Earths in Solnble Salts. | 

Baryta, atrontia, lime, or magnesia may be estimated in 

soluble salts as follows : A weighed quantity is dissolved i 
in water, or, if already in solution, a measured quantity of 
the solution is taken ; the liquid is boiled with ammonium 

carbonate (magnesia salts with caustic potash) in excess, i 

the precipitate is filtered off, washed, and dissolved in a | 

porcelain basin iuameasured excess of normal hydrochloric ! 

acid. The excess of acid is determined by means of half- i 

normal ammonia solution, i 

1 cb.e, normal acid = BaO, SrO, CaO, or MgO' -r- 2. ' 

Id old uotation, j 

1 cb.c normal add = BaO, SiO, CaO, or MgO. 

§11. I 

EBtimation of Ammonia, Nitric Acid, and Nitrogen. | 

Ammonia may be driven out of any liquid by boiling, j 
-after addition of excess of caustic alkali, and may be 
estimated by absorption in a measured volume of normal 
■acid. This method is the simplest, and often the only 
avaUable method for the estimation of ammonia. The I 
frothing of the liquid during ebullition is, however, a I 
■drawback to the process, as a loss is apt to ensue, 
inasmuch as the flask containing the boiling liquid must I 
not be of too large a size. Especially disagreeable results j 
are liable to ensue from the frothing and bumping of the 
I liquids in cases where a precipitate is present, as, for i 
Ij^instaiice, in the estimation of ammonia in the double 
aulphate of ammonium and iron. Those drawbacks are, ' 
Jiowever, easily obviated by adding to the liquid an equal I 

I 



volume of strong alcohol, and heating only to incipient 
boiling. So long as alcohol is present the liquid boils 
quietly ; whenever frothing begins the flame should be 
extinguished, and the apparatus allowed to remain for 
half an hour at rest before the titration is carried out. 
The whole of the ammonia will by this time have passed 
over. Perfect certainty on this point may be gained by 
setting the flask containing the liquid in a water bath, 
and heating the water for some time. Pig. 12 representa- 




Fig. 12. 

ibe disposition of the apparatus. A contn.'ina the liquid 
m which ammonia is to he estimated. It is furnislied 
with an exit tube only ; if the potash is added in the 
solid form, there is no danger of any los.s of ammonia 
taking place before the cork is fitted into the flask. B 
and C both contain measured quantities of normal hydro- 
chloric acid. If A and B be connected by caoutchouc 
tubing, the alcohol which comes over with the ammonia 
Tjjtil dissolve particles of this. auhstaneo, which will render 
id somewhat turbid, but this does not aSecfc \3r's 
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titration. The apparatus having been made wr-tiglit, the 
liquid under examination is placed in A along with its 
own vdliiitif iif alcohol, a considerable quantity of caastic 
potash, in ^lii ka, is added, and the liquid is boiled until 
bumpinj,' lii-iiis; a disb containiag boiling water is then 
placed und( riicath A, and this water ia kept hot for a 
quarter, tii- half an hour. The contents of B and C are 
poured into a beaker, the vessels are washed with distilled 
water, and the excess of acid is determined by means of 
half-normal a,maionia. By deducting the acid which 
remains unneubralised from that onginally used, the 
quantity of acid which has combined with ammonia is 
obtained, and from this the quantity of ammonia itself is 
calculated. 

Nitric acid may be estimated by conversion into am- 
monia by tlic action of nascent hydrt^n — 
HNO, + H, = NH, + 3H,0. 
(NO, -H H, = HH,0 + 4H0). 

The apimi-jitus shown in fig. 12 is employed. The solu- 
tion contiiiiiing the nitrate is placed in A along with 
a consideviiiili! excess of caustic potash and aluminium 
powder ur luil, but without the addition of alcohol.' 
K Normal acid is placed in E and C, and the contents of A 

K are boiled until the whole of the ammonia is driven off. 

I A mixture of 1 part of iron with 2 of zinc (free from 

I arsenic and antimony) may be used instead of aluminium. 

I This process is less serviceable for the estimation of large 

H than of small quantities of nitrates (1 gram potassium 

H nitrate is I'cgarded as a large quantity) because, in the 

H former cases, long-continued boiling is required. For the 

^E estimation of such small quantities of nitrates as we find 

^m ' in waters the process is admirably adapted. In these 

H analyses it is better to use Vnth-normai hydrochloric acid 

^^^^^^wd to titrate with ^^th-normal ammonia. 
W^^^^ The analysis of ammonium nitrate may be accomplished 
f 'Wling with potash, whereby ammonia is evolved, and 






^lotash are required. 
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then adding zinc or aluminium, and again boiling, whereby 
the nitric acid is reduced to ammonia, which is again 
evolved. 

The nitrogen in many organic bodies may be converted 
into ammonia by heating with soda lime. For this pur- 
pose a little asbestos is placed at the closed end of a piece 
of combustion tubing, after this a few crystals of oxalic 
acid are laid in the tube, then an intimate mixture of a 
iJreighed quantity of the organic body with four times its 
weight of soda lime, followed by a further quantity of 
soda lime. The contents of the tube are shaken so as to 
afford an easy exit for the gases. The open end of the 
tube is connected with a bulb apparatus containing a 
known quantity of normal acid ; the tube is placed in a 
combustion furnace, and heat is applied, beginning at the 
end with which the bulb apparatus is connected. Tiie 
ammonia which is evolved is measured as already 
described. 

All organic bodies do not yield their nitrogen as 
ammonia by this treatment. Indigo, brucine and ijaany 
Other alkaloids, for instance, yield only a portion of their 
nitrogen in the form of ammonia, when heated with soda 
lime. 

In such cases the nitrogen is best estimated after evolu- 
tion in the form of gas: the processes by which this 
measurement is effected do not, however, strictly belong 
to the titration methods of analysis. 

The following simple method serves to estimate 
amwonia in presence of the alkalies or alkaline earths, 
but not in presence of the earths proper or of metallic 
oxides ; arsenic and phosphoric acids are supposed to be 
absent. 

If the solution be not already acid it is rendered so by 
addition of hydrochloric acid ; litmus is added, and half 
normal ammonia or caustic potash of known strength is 
run in until the colour changes to blue. If half-normal 
ammonia is used, the number of cb.c. of solution employed 
must be noted. Such a measured volume of caustic 
potash of known strength is then added as is suflScient to 
decompose the whole of the ammonium salts present. The 
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presence of a little carbonate in the potash solution does 
,K not affect the results. The liquid is now hoiled in a porce- 

lain basin, every jjrecautjon being taken to avoid spirting, 
nntil the issuing vapours cease to colour red litmus paper 
blue. The potawli remaining in the liquid is now deter- 
mined and deducted from the quantity originally added: 
the amount veqiiii-ed for the decomposition of the am- 
monium salts is thus obtained (KHO = NHi). If the 
solution has been I'eadered neutral before the decomposi- 
), . tion of the anmnmium salts by means of ammonia, the 

j^' amount added for this purpose must be deducted from 

m . the total ammonia found. 



Alkalimetric Estimation of Potaflh and Soda in Soluble 
Salts whiuh are devoid of Alkaline Reaction. 

The alkali salt uf a volatile acid may be convert.eii into 
sulphate by evaiioration to dryness with sulphuric acid. 
By "boiliuf^ the siilphate with caustic baryta, pas-sing 
carbonic acid into the liquid, and filtering, the whole of 
the alkali may Lo obtained in the form of carbonate, 
which may then be estimated by the method already 
described. 

This method of pracedure is applicable in the presence 

of earths and alkaline earths, or, indeed, of moat of the 

, metallic salts, inasmuch as these substances are insoluble 

in potassium carbonate. In order to prevent the forma- 

l tion of too laif^'c a precipitate, care should be taken that 

" e alkali salt ibnii:^ the main constituent of the liquid to 

evaporated wiih sulphuric acid. The use of a great 

ixcess of caustic 'laryta should also be avoided. If an 

'i salt contain a non-volatile acid, this must be re- 

d, unless it he readily transformed into a volatile 

ance by thti action of sulphuric acid. The greater 

V of the non-volatile acids may be removed by the 

■"^Mlrf lead acetate to neutral or slightly acid solu- 

thfi acids whose removal may be thus 

i named : Chromic, phosphoric, tungstic. 
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molybdic, arsenic, and tmi^aric adds, &;c. It is evident 
that this method, and, indeed, alkalimetric methods in 
general, snjffices for estimating only a single base. At the 
close of this paragraph a method will, however, be 
described which serves for the estimation of both soda 
and potash when present together. 

Another method for estimating potash and soda is 
that given by Stolba, and consists in precipitating these 
substances by means of hydrofluosilicic acid and an equal 
volume of strong alcohol, from a solution made slightly acid 
with hydrochloric, or, better, with acetic acid. The pre- 
cipitate, after being washed with 60 per cent alcohol, is 
dissolved, according to Stolba's directions, in a measured 
quantity of hot normal potash solution, and the excess of 
alkali is determined by means of normal acid. 

On account of the difficulty of determining the exact 
point at which the colour changes to reddish blue in this 
reaction, I prefer to decompose the precipitate by boiling 
"with milk of lime for ten minutes, to conduct carbonic 
acid into the liquid until the excess of lime is entirely 
converted into carbonate, to filter, and wash while hot, 
with water. The filtrate, which should give no precipitate 
with carbonic acid, now contains the whole of the potash 
or soda as carbonate, which is estimated by titration with 
normal hydrochloric acid, cochineal tincture being em- 
ployed as indicator. 

If this process be applied to sulphates of the alkalies, 
the sulphuric acid must be removed by means of calcium 
acetate and alcohol before precipitation of the alkali by 
means of hydrofluosilicic acid. 

Silico-fluoride of calcium may be made use of instead of 
the acid itself in the foregoing process. I prepare this 
salt as follows : 1 part of crystallised barium hydrate is 
dissolved in 5 to 7 parts of water, and to this solution, 
while boiling, finely powdered cryolite is added in quantity 
sufficient to convert almost the whole of the barium into 
fluoride. For 5 parts of baryta about 1 part of cryolite is 
employed. The liquid is boiled for fifteen minutes, filtered 
while hot, and washed until the filtrate ceases to become 
turbid when boiled with sal-ammoniac. The precipi- 

D 



tated barium fluoride is mixed with a quantity of 
artificially prepared silicic acid, or of quartz-powder, 
produced by throwing strongly heated quartz into water, 
equal to the weight of cryolite used, and with 5 to 7 times 
this quantity of dilute hydi'ochloric a«id ; barium siUco- 
fluoride is hereby produced. After some hours the greater 
part of the free acid is carefully neutralised by means of 
barium or calcium carbonate ; calcium acetate is added in" 
excess, and after an hour the barium silico-fiuoride is fil- 
tered o&. The precipitate is washed with dilute alcohol, 
and boiled for five minutes with water containing finely 
divided gypsum in suspension. The barium ia thus 
entirely precipitated in the form of sidphate. A con- 
siderable volume of strong alcohol is now added to tie 
liquid, which is then filtered. The filtrate is a solution 
of pure calcium si li co-fluoride, very well adapted for pre- 
cipitating potash and soda. Calcium silico-fluoride may 
also be prepared by saturating hydi'ofluosilicic acid wio^. 
barium chloride, or, better, with barium acetate, addihc 
an equal volume of alcohol, and treating the precipitated. 
barium s0eo-fluoride as already described. 

As the precipitates of potassium and sodium silico- 
fluoride form slowly, the liquids iu which these salts axe 
froduced must be allowed to stand for several honra^ 
nasmueh also as the pi-esence of fi^e nitric, or hydrochlorie 
acid prevents the formation of these salts, the solution 
should either be treated with calcium acetate before preci- 
pitation, or calcium silico-fluoride should be used, instead. 
of hydrofluosilicic acid, as a precipitant. 

Potassium may also be precipitated by means of 
tartaric acid ; but in this case all bases other than thei 
alkalies must be removed. This can readily be done by 
the use of ammonium carbonate. 

In a solution containing only potash and soda {not am* 
monia), potash may be estimated by Mohr's method. This 
methodsuceeedsbest when the amount of potash present is 
not very small Acid sodium tartrate is added in quanUty 
sufficient to precipitate the potassium, and the liquid ts, 
evaporated to dryness. The residue is thoroughly shi ' 
■with 150 to 200 cb.c. of a cold satui-ated solution of 
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of tartar ; after some time the liquid is filtered, and the pre- 
cipitate, after washing with the taitar solution, is dissolved 
in a large quantity of hot water, and titrated by means of 
normal potash. The amount of potash used in titration 
is equal to that originally present in the solution. 

In the following process I have been able to perfect a 
method in which tartaric acid serves as a reagent, both 
for precipitating potash, and also for separating it from 
Boda. This method gives accurate results, and is easily 
executed. 

The solution must contain no other bases except the 
alkalies, and must be free from all acids with the exception 
of hydrochloric, nitric, or acetic.^ The solution having 
been rendered slightly alkaline with ammonia is evapo- 
rated to the bulk of 20 to 30 cb.c, 10 or 15 cb.c. of ordinary 
liquid ammonium acetate are added (as this substance is 
usually acid, it should be previously rendered neutral 
with ammonia), followed by the addition of such a 
quantity of perfectly pure tartaric acid, crystallised from 
alcohol, as suffices to transform the whole of the potassium 
into tartrate, ai>d a part, but not the whole, of the ammo- 
nium acetate into tartrate. For 10 cb.c. of ammonium 
acetate, of sp. gravity 1035, not more than 5 grams of 
tartaric acid must be employed. If the quantity of potas- 
sium be approximately known, then it is better to add a 
little more tartaric acid than is sufficient to convert the 
whole of this into tartrate. 

The tartaric acid is added in the form of fine powder ; 
the liquid is repeatedly stirred with a glass rod, care 
being taken not to rub the sides of the glass vessel, and 
xtfter five minutes or so, an equal volume of 95 per cent 
alcohol is added, and the liquid is again repeatedly stirred. 
When the precipitate Has completely settled it is collected 
on a filter, and washed with a mixture of two parts alcohol 
and one part water, until the washings cease to be 
rendered turbid by the addition of hydrofluosilicic acid, 

^ The alkaline earths may be removed by means of carbonate or 
phosphate ol ammonium. Sulphuric, chromic, phosphoric, arsenic, 
Ac., acids may be removed by means of barium chloride, the excess 
of which salt is then precipitated by ammonium carbonate. 
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or by silver nitrate if cliiorine was originally present. 
The precipitate contains the whole of the potassium as 
tartrate, and also most of the remaining tartaric acid 
whict was added, as ammonium tartrate ; -(( is entirely 
free from sodium. 

In the event of sodium acetate being present, sal-am- 
moniac must be added (in order to convert the sodium 
into chloride) before the addition of tartaric acid ; other- 
sodium tartrate might be formed. The precipitate of 
jtassium tartrate and ammonium tartrate is brought 
into a porcelain basin, dissolved in 100 to 150 cb.c. of hot- 
Water, and titrated with normal caustic potash solution. 
The number of cb.c. required having been noted, an equal, 
or somewhat greater number of cb.c. is added, and the 
solution is boiled until the whole of the ammonia is driven 
off. When this is accomplished, and the liquid is reduced 
to half of its original bulk, or less, the excess of potash i^ 
estimated by titration with normal hydrochloric acid. 
The amount of potash thus found is deducted from that 
which was added in escess after titrating the precipitate 
of potassium and ammonium tartrates ; the difference 
represents the quantity of ammonia which has been 
volatilised : by deducting this difference from the quantity 
of potash required in the first titration, the amount of 
potash in the substance is obtained. 

Supposing that 267 cb.c. of potash were required for 
the first titration, and that 30 cb.c. were then added, and 
that after evaporation 93 cb.c. of normal hydrochloric- 
acid were required for titrating back, it is evident that 
the precipitate contained that quantity of ammonia whieli 
is saturated by 30— i)'3=20'7cb.c, of normal hydrochloric 
acid. By deducting this from the potash used in the first 
titration, we have 267 — 207 = 6'0 cb.c. as representing 
the quantity of potash in the precipitate, or 6x56'l nLgm.. 



KHO, < 



Gx 



04-2 



m.gm. K,0 (old notation, 6x47"l 






m.gm. KO). If exactly the same quantity of potash be- 
added before driving off the ammonia as was required in 
tlie first titration, it is evident that the quantity of 
normal hydrochloric acid employed in titi-ating back 
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corresponds directly to the quantity of potash (KHO) in 
the precipitate, for the two titration processes may be 
thus represented — 

2KH.H4C4O6 + 2NH4.HAO6 + 4KH0 = 3K2.H4C40e 
+ (NH4)2H4C40o + 4H2O, 

and 

3K2.H4C4a + (NH4)2H4C40e + 2KH0 = 4K2.H4C40e 
+ 2NH3 + 2H2O. 

Or, in old notation, 

KO2C4H2O6 + NH40.2C4H>05 + 2K0 ^ 3KO.C4H2O5 

+ NH4O.C4H2O6, 
and 

3KO.C4H2O5+ NH4O.C4H2O6+ KO = 4KO.C4H2O5 

+ NH4O. 

The smallest quantities of potash may be separated from 
soda and estimated with great accuracy by this method. 
The precipitate might perhaps be ignited and the quantity 
of potassium carbonate thus obtained directly estimated. 
But the risks of loss in the process of ignition do not re- 
commend this modification of the original process. 

The soda remaining in solution may be precipitated by 
means of hydrofluosilicic acid or by calcium silico-fluoride 
and estimated as already described. Or the liquid may 
be evaporated to dryness with hydrochloric acid in a 
platinum dish and the residue weighed as sodium chloride. 
Inasmuch as the accuracy of the method chiefly depends 
upon exact titration it is better perhaps to employ half 
normal potash, or a dilute potash solution which has 
been titrated against normal hydrochloric acid. If too 
much potash be added, the excess may be determined by 
means of normal acid. This is the only volumetric method 
which allows of the direct estimation of potash in presence 
of soda. The same object may be accurately accomplished 
hy indirect methods, as we shall see hereafter. 

B, Addimetry. 

It is woi'thy of notice that acidimetric processes are not 
applicable for the estimation of the whole of the free acids. 
hydrochloric, hydrobromic, hydriodic, mtm, sul'phAwnAi, 
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oxalic, tartaric, citric, acetic, and formic a^cids can, it is- 
true, be estimated, when in the free state, by titration with 
half-normal ammonia, but this method is not applicable in 
the cases of the acids of phosphorus, of sulphur (other than 
sulphuric) and of arsenic. Neither can carbonic, boriCr 
hydrocyanic, hydrosulphuric, nor even hydrofluoric add, 
be estimated by direct titration with ammonia, potash, or 
soda, because these acids do not form salts with the 
alkalies, which are without action upon litmus. It may 
thus be laid down as a general rule that only those acids- 
whose combinations with the alkalies are neutral, with- 
out action on litmus, soluble, and not coloured, can be 
estimated by direct titration by means of alkaline liquids. 
Certain acids can, however, be estimated indirectly by 
alkalimetric methods. Hydrofluosilicic acid, for instance^ 
may be estimated by precipitation with potassium chloride 
from a dilute alcoholic solution, and decomposition of the 
precipitate by lime, the potash being then determined. 
Hydrofluoric acid again may be transformed into potas- 
sium silico-fluoride, by addition of acidified soluble glass 
solution, and the potash estimated by a process similar 
to the foregoing, by means of lime. Boric and carbonic 
acids may be estimated after transformation into salts of 
the alkaline earths, by solution in noimal hydrochloric 
acid and titration with half-normal ammonia : the amount 
of alkaline earth so found being deducted from the amount 
of borate or carbonate of the eai-th used, and the differ- 
ence being reported as boric or carbonic acid. As the 
estimations of those acids which are determined by direct 
titration with half-normal ammonia present no special 
difficulties, we shall chiefly occupy ourselves with a con- 
sideration of such acids as can only be estimated by more 
or less indirect methods. 

§13. 
Estimation of Cartonic Acid. 

All the carbonates may be decomposed by means of 
hydrochloric or sulphuric acid, and the carbonic acid esti- 
mated hy conducting it into caustic baryta solution and 
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determining the quantity of barium carbonate formed. 
The process is carried out bv me as follows: The sub- 
stance under examination is placed in a long-necked flask 
furnished with a caoutchouc stopper carrying a funnel 
tube leading to the bottom of the flask, for the delivery 
of the acid — this tube may be closed at will by a stopcock 
— ^and an exit tube which passes into a small flask. This 
flask is connected with another of the same size, to which 
are attached two U tubes. Each of the small flasks contains 
about 100 cb.c. of clear baryta solution (1 : 25) ; a quantity 
of the same solution is placed in each of the U tubes. The 
second U tube serves to absorb carbonic acid from the 
outer air. A few fi-agments of granulated zinc ai*e placed 
along with the carbonate to be examined in the evolution 
flask. The apparatus having been properly adjusted, small 
quantities of hydrochloric acid are allowed successively to 
flow into the first flask which is at the same time gently 
warmed. When the evolution of carbonic acid has nearly 
ceased, a larger quantity of acid is run in so as to insure 
the evolution of a tolerably brisk current of hydrogen, and 
the contents of the flask are boiled for ten minutes or so. 
After cooling, the contents of the two small flasks and of the 
first U tube are washed into a beaker glass, and about five 
grams of ammonium oxalate, dissolved in a little water 
slightly acidulated with oxalic acid, are added. The 
excess of baryta is thus transformed into oxalate, but 
the barium carbonate remains altogether unacted upon. 
The precipitate of mixed carbonate and oxalate of 
barium is well washed with hot water, dissolved in a 
measured volume of standard hydrochloric acid, and after 
the carbonic acid has been removed by boiling, the barium 
is precipitated by means of potassium sulphate. A 
measured portion of the clear liquid is filtered off, and the 
free hydrochloric acid therein is estimated by half-normal 
ammonia. From the amount of barium carbonate found 
the carbonic acid is calculated. 

This process directly estimates the quantity of carbonic 
acid in the substance examined, and is possessed of the 
further advantage that any hydrochloric acid carried over 
mechanically is without influence upon tihe lesviV^,, mias>- 
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much as it is only the precipitated barium carbonate 
which is determined.^ The evolution of hydrogen simul- 
taneously with the carbonic acid is not absolutely neces- 
sary, but is to be recommended in most cases ; this part of 
the process must, however, be omitted if metals reduceable 
by zinc (copper, silver, &;c.), or if lower oxides of sulphur 
(SgOg and SO2) be present. Lower sulphur acids, if pre- 
sent, must be oxidised before the carbonic acid is liberated : 
this may be effected by adding a considerable quantity 
of ferric chloride to the hydrochloric acid, and allowing the 
carbonic acid to be evolved very slowly without warming. 
If it be desired to estimate carbonic acid in a mixture of 
a carbonate and sulphide, the evolution of sulphuretted 
hydrogen may be prevented by the addition of ferric 
chloride. 

The following process presents a simple gravimetric 
method for estimating carbonic acid in such carbonates 
as are decomposed by dilute acids in the cold. About 
twenty grams of dilute hydrochloric acid (concentrated 
acid with half its own volume of water) are accurately 
weighed into a 100 cb.c weighed beaker. A determi- 
nate portion of the carbonate in a small tube — amounting 
to at least live grams — ^is carefully placed in the beaker, 
which is set in a sloping position. After the evolution of 
gas has ceased, an accurately deteimined quantity — 
about five grams — of tartaric acid is added, and when 
this has entirely dissolved and the beaker has been 
allowed to remain at rest for quarter of an hour or so, the 
whole is again weighed. The loss of weight represents 
carbonic acid. Sulphuric acid of 40 per cent may be used 
instead of hydrochloric, except in analyses of the alkaline 
earth carbonates or of lead carbonate. The error in this 
l)rocess, if carefully carried out, does not exceed three- 
fourths of a per cent. 

^ It is to be remembered that one cb.c. of normal hydrochloric acid=> 
~P=22 m.gm. CO.,.— Tr. 
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Estimation of Sulphuric Acid. 

The direct titration of this acid by means of half- 
normal ammonia calls for no especial remarks. The two 
following indirect methods, serve for the estimation of the 
free or combined acid in the presence of many other 
compounds. 

The first method consists in acidifying the solution with 
hydrochloric acid, and precipitating the sulphuric acid by 
meajis of a solution of strontium chloride, which must be 
perfectly free from barium or calcium salts. Absolute 
alcohol, in quantity equal to half of the total volume of 
liquid, is then added. The precipitate is collected, washed 
with tolerably strong alcohol, and removed from the filter 
to a beaker glass. An excess of potassium (not sodium) 
carbonate is added, and the whole is boiled for some time, 
whereby the strontium sulphate is converted into car- 
bonate, •which is then filtered oflT, washed and dissolved 
in a measured quantity of normal hydrochloric acid, the ex- 
cess of which is titrated by means of half-normal ammonia. 
The half of the number of cb.c. of ammonia used, deducted 
from the total number of cb.c. of acid employed for solu- 
tion, represents the quantity of normal hydrochloric to be 
calculated to sulphuric acid. 

1 cb.c normal HC1=— - m.gm. SO4 

=^| m.gm. H2SO4 

In old notation, 

1 cb.c. normal HC1=40 m.gm. SO3. 

The second method is more simple; it is carried out 
as follows : — 

After acidification with hydrochloric acid, the whole 
of the sulphuric acid is precipitated in the boiling liquid 
by a measured volume (excess) of barium chloride solution 
of known strength. The liquid is then rendered alkaline 
by addition of ammonia^ and the excess oi \>«Lnx3cai \^ 
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precipitated by means of ammonium carbonate. The 
quantity of barium carbonate contained in the washed 
precipitate is determined according to § 10, and is cai- 
cukted to barium chloride. 

EaOOa=BaC]j ; old notation, BaOCOj-BaCl. 

la? - i:iis 98-5 = 104 

By deducting tlie amount of barium chloride thus 
found from the total quantity used, a residue is obtained, 
which representH the quantity of this salt required to- 
precipitate the whole of the sulphuric acid. 

RiCl.,=H,SO, ; old notation, BaCl^SOj. 
208"= 98 104 = 40 

This method can only be applied for the estimation of 
sulphuric acid combined with alkalies, other bases being 
supposed fibscut. A much more general method will be 
described further on. 

EatimatioQ of Acetic Acid. 

On account of the solubility of the acetates, the acid con- 
tained in them is readily transformed into an alkaline salt, 
by the addition tif caustic potash, or potassium carbonate. 
On account of its volatility, acetic acid may also he readily 
removGd from combination by means of another acid, and, 
after distillation, may be directly titrated by ammonia. 
Care must bo taken that, besides acetic acid, the liquid con- 
tains only less volafciie or non-volatile inorganic or organic 
acids. Distillatif ui is then performed after addition of phos- 
phoric acid, which does not cause volatilisation of nitric or 
hydrochloric acid, and the acetic acid is estimated in the 
distillate. Should small quantities of hydrochloric acid 
^*>ave been carried over, it is only necessary to estimate 
chlorine in an aliquot part of the distillate by Uie 
od to bfi described hereafter, and, after calculating 
* hydiociiloricacid, to deduct the amount from the 
Old Ibuml. This process is accurate if too rapid 
F&ided, and if the receiver be kept well 



h bfl av&ided 
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cooled. A condensing apparatus should be employed in 
the distillation. 

The distillation may be omitted in analysuig pure 
acetates, the metal of which is completely precipitated by 
sulphuric acid. The quantity of acetic acid in acetate of 
barium, strontium, or lead for instance, may be determined 
by adding a measured volume of normal sulphuric acid, 
diluting to a fixed bulk — say 250 cb.c. — ^filtering two equal 
portions, and detennining the total acid in one, and the 
sulphuric acid in the other, by the method detailed in the 
preceding paragraph. The quantity of acetic acid may 
be calculated from these data : — 

2 cb.c. half-normal ammonia- 
OS 
= ^—^^ m.gm. H2SO4. 

= 60 m.gm. C2H3O.OH. 
In old notation, 

2 cb.c. half-normal ammonia — 
== 40 m.gm. SO3. 
= 51 m.gm. C4H3O3. 

This process is not applicable for the estimation of 
acetates containing other bases or acids. 

This may be a fitting place to say a few words con- 
cerning the removal of the commoner volatile acids. 

Sulphuretted hydrogen, sulphurous, and hyposulphur- 
0U8 (thiosulphuric) aaids may be got rid of by the use of 
potassium permanganate or chromate. By the addition 
of zinc chloride, after excess of potassium carbonate, and 
filtering, free chlorine, bromine and iodine, and hypo- 
chlorous add are rendered harmless. Hydrocyanic add is 
removed by adding ferrous sulphate, followed by excess 
of potash, acidifying and filtering. The presence of 
ferrocyanides, boric and carbonic adds may be disre- 
garded. 

Certain metallic oxides, more especially the oxides of 
i/ron, aluminium, uranium, lead, and tin, form precipi- 
tates with phosphoric acid in acetic acid solutions; the 
presence of these salts is therefore to be avoided. Iron salts 
may be removed by the addition of potassium carbonate in 
excess. Lastly, the presence of oxysalts oj ammomuiofV/ 
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influences more or less the correctness of the results. 
This source of error may be removed by the addition of 
a quantity of calcium chloride, sufficient to convert the 
ammonium into calcium salts. Permanganate of potas- 
sium serves to destroy formic add; benzoic and succinic 
acids may be precipitated from slightly alkaline or neutral 
solutions by means of ferric chloride. 

Generally, then, a method may be found by the use 
of which the estimation of acetic acid is rendered 
possible. Cases, in which the presence of volatile acids 
which cannot be removed nor destroyed by oxidizing 
agents, renders the method inapplicable, are comparatively 
rare. Most of the organic acids are precipitable by barimn 
or lead salts in aqueous or alcoholic liquids. The salts of 
acetic acid on the other hand are all soluble in water, and 
generally also in alcohoL 



§16. 
Estimation of Tartaric and Citric Acids. 

These acids, when in the free state, are readily esti- 
mated (like oxalic acid) by titration with ammonia. 



2 c.b.c. half -normal ammonia 
150 

2 



= ^ = 75 m.gni. H2.H4C4O6. 



192 „ „ ^ ^ 

= — = 64 m.gm. H3.H5C6O7. 

In old notation, 

2 cb.c. half-normal ammonia 

= 75 m.gm. HgCA-HO. 
= 70 m.gm. H2C4O4+ |H0. 

Tartaric acid may be precipitated from neutral alkali 
salts as potassium tartrate by the addition of potassium 
acetate (after acidification with acetic acid) and 1 J volumes 
of alcohol : the precipitate may be titrated as described in 
^12. This reaction of tartaric acid serves to dis- 
tinguish it from most of the other acids, and especially 
from citric acid, which in many respects it so closely 
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resembles. A process will be described hereafter for the 
estimation of these acids under somewhat complicated 
conditions. 

§17. 
General Estimation Methods for Combined Acids. 

There are two reagents, the use of which enables us to 
estimate aU acids which can be determined acidimetrically 
when in combination with metals other than those of the 
alkalies. The first of these reagents is sulphuretted 
hydrogen. This gas precipitates many metals as sulphides. 
After filtering, and boiling off excess of sulphuretted 
hydrogen, the acid which was fonnerly in combination 
may be estimated directly by half-normal ammonia. In 
mixtures of metallic salts precipitable by this reagent, the 
total acid may be estimated by the same process. This 
method fails, however, when salts are present which have 
an acid reaction, but which are not precipitated by sul- 
phuretted hydrogen. Thus, in a solution containing^ 
copper sulphate and iron oxide, the acid could not be 
estimated directly by this process. The presence of the 
oxides of those metals which are precipitable by ammonium 
sulphide, or of those compounds of the earths with mineral 
acids which exhibit an acid reaction, generally renders 
the method unavailable. 

Potassium carbonate is of much more general use than 
sulphuretted hydrogen as a reagent for the estimation of 
combined acids, inasmuch as not only the alkaline and the 
true earths, but very many of the metallic oxides likewise, 
are precipitated from their solutions by this reagent, the 
acid which was in combination with the precipitated 
metal at the same time entering into combination with 
the potassium. 

The quantity of acid in any salt of a mineral acid, with 
the exception of the salts of tin, mercury, and antimony, 
and the other salts soluble in ammonium sulphide, may be 
determined with greater or less exactness by the use of 
potassium carbonate. The method of procedure is very 
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simple. A measured volume of normal potassium car- 
bonate solution, containing at least twice as much of 
the salt as is needed for the required reaction, is boiled 
in a beaker glass, the salt under examination is added 
little by little with constant shaking, the whole is trans- 
ferred to a measuring vessel, which is filled to the mark 
(200 or 300 cb.c.) with water. After shaking and settling, 
an aliquot part of the clear liquid (J to J) is poured through 
a dry filter into a suitable vessel, and the quantity of 
potassium carbonate therein is determined. This is cal- 
culated to the whole volume of liquid, and deducted from 
the potassium carbonate used. The residue represents 
the amount of this salt corresponding to the combined 
acid.^ 

The acids in certain insoluble or difficultly-soluble salt^ 
may be determined in the same way. The quantity of 
sulphuric acid in gypsum, for instance, may be readily 
estimated by this method ; so also may the oxalic acid in 
insoluble lead oxalate be transformed into potassium 
oxalate by five or ten minutes boiling with potassium 
carbonate. 

In the decomposition of certain substances, such as salts 
of iron, aluminium, and zinc, portions of the potassium 
carbonate are retained in the precipitate. These may be 
removed by allowing the precipitates produced after the 
decomposition to settle, decanting the clear liquid into the 
measuring vessel, boiling the precipitate with distilled 
water, to which a little potassium sulphate may be added, 
and then bringing the whole into the measuring flask. 
Care must be taken that the liquid amounts to at least 
200 times the weight of the dry precipitate. 

The presence of alkalies is without influence on these 
processes. If ammonium salts be present, the precipita- 
tion by potassium cai'bonate must take place at ordinary 
temperatures, in order that the volatilisation of ammonium 
carbonate may be avoided. In these cases, I have found 

^ 1 cb.c normal potassium carbonate * 

= 1 equivalent, in m.gms*, of a dibasic acid. 

=^ equivalent, in m.gms., of a monobasic acid, — TV. 
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it preferable to digest the precipitate with the potassium 
caribonate for several hours at the ordinary temperature 
in a closed vessel, to pour off the clear liquid into the 
measuring vessel, and to wash the precipitate with potas- 
sium sulphate solution. This method of procedure is 
especially to be recommended when dealing with iron and 
aluminium salts. Such a quantity of potassium carbonate 
must be employed as shall insure the transformation 
of the whole, or almost the whole, of the ammonium salts 
present into carbonate. The use of a flask, fitted with a 
caoutchouc or glass stopper, allows of the process being 
quickened by bringing the flask into boiling water for a 
quarter of an hour, and then cooling the liquid before 
transferring it to the measuring flask. If salts of metals 
whose oxides are more or less soluble in ammonium salts 
be present, the process can only be depended upon in the 
absence of ammonium salts. This caution is also to be 
observed in applying the process to magnesium salts. 
Magnesium carbonate, moreover, tends to retain alkaline 
carbonates, and is not insoluble in water. Hence, the 
process is not to be recommended for salts of this metal. 
This process is especially applicable for the ready deter- 
mination of hydrochloric, sulphuric, nitric, acetic, and 
oxalic acids in presence of metallic oxides. It is also ex- 
ceedingly useful for controlling the results of estimations 
of these acids perfoi-med by other methods. 

Other acids, which are estimated with more diificulty 
than those mentioned, may be indirectly determined by 
this method ; as the following example shows : — 

It is required to estimate nitric acid which has been 
found present in a sample of ferric chloride. 

The chloride is decomposed by a measured volume of 
normal potassium carbonate solution. Two equal aliquot 
portions of the filtrate are treated as follows. One portion 
is decomposed by means of potassium chromate and 
calcium acetate, and the amount of chlorine is determined 
by a method to be hereafter described, and calculated to 
hydrochloric acid. To the other portion litmus tincture 
is added, then a measured excess of hydrochloric acid, and 
after boiling to expel carbonic acid, the acid which remaiw^ 
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free is estimated by titration with half-normal ammonia. 
By deducting the quantity of hydrochloric acid so found 
from the total quantity determined in the first portion, a 
residue of hydrochloric acid is obtained which is equivalent 
to the quantity of nitric acid in the portion operated 

upon. This residue must be multiplied by — -^ (old 

notation -^-^A in order to obtain the corresponding 

quantity of nitric acid. Had the chloride contained 
sulphuric acid this might have been precipitated by barium 
chloride ; and although the final results as regards hydro- 
chloric acid would have been vitiated, yet the estimation 
of nitric acid would not have been interfered with. 



r 
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SECTION III. 

ANALYSIS BY OXIDATION AND REDUCTION. 

TN analysis by means of oxidation and reduction the sub- 
stance to be estimated is either oxidised or reduced, 
and its quantity is estimated by determining the amOuni 
of the oxidising or reducing agent required. The process 
supposes the absence of all foreign oxidising or reducing 
substances, as well as of aU substances, except that which 
is to be estimated, which are capable, under the conditions 
of the process, of undergoing oxidation or reduction. The 
most commonly employed oxidisers are potassium per- 
manganate and a solution of iodine in potassium iodide; 
the most common reducing agents are oxalic acid and 
sodium thiosulphate. The methods may be bro'adly 
classed as methods of Oxydimetry and of lodometry ; in 
the first or oxydimetric methods, the quantity of oxygen 
given up by potassium permanganate is determined ; in 
the second or iodometric methods, the quantity of iodine 
which can combine with, or which is liberated by, the 
substance to be estimated, is determined, andfi-om this the 
quantity of the substance itself is calculated. 

A , — Oxydvmetry, 

§18. 
Preparation of Permanganate Solution. 

There is no diflSculty in obtaining potassium perman- 
ganate in a nearly pure state. Permanganate solution is 
very frequently employed in the estimation of iron salts 

E 
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and of oxalic acid ; its strength is best determined by -^ 
titration against these substances. As, however, two^ 
equivalents of iron are converted from the state o 
protoxide into that of peroxide by the same quantity o: 
oxygen as suffices to completely oxidize one equivalent o 
oxalic acid,^ it is well to make the permanganate of 
strength such that 1 cb.c. corresponds to yV equivalent o'f 
iron, i.e,, to 11*2 m.gm. of iron (in old notation to 5*^ 
m.gm. iron). We shall then have a solution of which 

1 cb.c. = 11 '2 m.gm. iron 

= 12*6 m.gm. crystallised oxalic acid. 

In old notation, 

1 c.bc. = 5-6 m.gm. iron 

=3*6 m.gm. oxalic acid, C2O3. 

Tf it be desired, however, to employ the permanganate 
veiy frequently for iron estimations — as in the laboratory . 
of an iron- work — it is better to make it so that 1 cb.c. . 
is equal to 10 m.gm. of iron. So also in an oxalic acid 
manufactory, the permanganate may be made of that 
strength which is found most suitable for the special 
purpose for which it is employed. 

In order to prepare the solution of permanganate, about 
64 grams of the crystals (32 if the old notation be eio- 
ployed) are dissolved in 1,000 cb.c. of cold distilled water ; . 
after solution is complete the liquid is allowed to remain 
at rest for some hours, and is then decanted from any pre- 
cipitated matter. This method is to be preferred to tha*- 
of dissolving the salt in a little hot water and making up 
with cold. The solution must be preserved in glass-stop' 
pered bottles in a dark place. 

The best substance to employ in the titration of th^ 
prepared permanganate is thin bright iron wire. Ox^ 
alio acid, it is true, is more easily used, and a solutiot^ 
of this substance may be prepared and employed ' re-' 
peatedly. I make use of oxalic acid for controlling th^ 
titration only when the crystals leave no residue afterheat- 
ing on platinum foil, and after a solution of the acid in dis- 

1 2FeO + = FegOg 
C2H2O4.2H2O + O = 2CO2 + 3H2O. 
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billed water has been most carefully titrated against half- 
Qormal ammonia. liquid. Other substances, such as potas- 
Bium ferrocyanide, ferrous oxalate, or ferrous ammonium 
sulphate are sometimes used. These, with the exception of 
the last named, cannot be easily prepared in a state of 
purity. 

In dissolving clean iron wire in dilute sulphuric acid 
traces of ferric salt are always formed, probably by the ac- 
tion of those oxides of nitrogen which are never entirely ab- 
sent even from so-called pure sulphuric acid. The best 
method of removing the ferric salt I iSnd to be, to carry out 
the solution in a test tube about fifteen cm. long and one or 
one and a half cm. in diameter, and after the iron is com- 
pletely dissolved to add a little piece of zinc, and close the 
mouth of the tube with a cork carrying a piece of glass 
tubing drawn to a fine orifice. The reducing action oi the 
hydrogen formed during the solution of the zinc effectually 
Teconverts the ferric into ferrous salt. This method I find 
to be much preferable to that of leading carbon dioxide into 
the liquid while the iron is being dissolved ; an iron solu- 
tion thus prepared always gives a red tint with potassium 
fiulphocyanide. ^ 

I find it best to dissolve 100 m.gms. of thin iron wire in 
^bout five cb.c of strong sulphuric acid diluted with twice 
its volume of water. The iron wire is previously polished 
'^th emery paper and carefully rubbed with clean leather. 
The solution may be aided by heating, but care must be 
taken that no little pieces of wire are allowed to remain 
on the sides of the tube. The reduction by means of zinc 
iiaay also be allowed to proceed in a warm liquid. So soon 
^ evolution of gas has ceased, the tube is to be filled with 
distilled water, and after standing a few minutes the liquid 
18 to be decanted into a flask : water is again to be added, 
fcUowed by decantation. This is repeated several times — 

^ la testing for ferric salts by means of potassium sulphocyanide 
It should be remembered that the reaction is masked by the presence 
<>f many non- volatile organic acids. Almost every specimen of potas- 
^um sulphocyanide gives a red tint on addition of pure sulphuric or 
hydrochloric acid : this tint is removed by adding a small piece of 
^c A solution of potassium sulphocyanioe thus prepared can. ^Aotlq 
he safely employed as a test for small traces of ferric aaVta. 
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uny <rmall pitc^ )f 'unUssfiW^l zinc beirig allows! to re- 
main luzhii trrsr rabe. If a tew fragmeiLLa of zinc should 
l^e iefiantrrtialorur "^Irb. :b.e liuaiii ino die liasfc. tneir pre- 
.^ncfi viil niit incnrfer^ -iritli -iifr^ yabse]^aerLL utraLioc. |K0- 
cefiH. inasmacn as zinc rx-rcises na «iii*TOrfcrnir action on 
eirh»rr rerman^ianar-i: .r irrn '^:/lTition waen the liquid is 
v^rr 'iibrjii an»i n«:i: ^Lr.ntriv acitL Tte licTiid in the flask 
sL.uiii ami: ant z-j a« Itas-t oO ib. !. : cefi.re mnnin;^ in per- 
maii'zanace a te^ Iror.-s :t ?nlr,htiric acid shijold be added. 
The p«;niiangariac^ L? addei ^cm a fcuretrie — either a Gay 
LiiASJU!-: :r a ;ZiaK5 ^tiLppere*], pn^ierabLy the latter — nntil 
a p»;miai:ent pink i-:Li jiir is prjiiuced This colour quickly 
&«ir:^. the -Hjlurl'-'n bec«-rr.iTTz iLmultaneocslv turbid finom 
ffreoi pirate* 1 mar-jarese -iioxiiie. Frrm the results of 
thLs trial the pennaniTinate Ls diluteii until 1 cb.c. cor- 
re5-p«-..n'L= to 11"- m^-m. -jf iron : after »iiIution the liquid 
mast he aerain titrat'rti. 

Ferrous ammonium sulphate may be made uae of instead 
of iron wire as a ^nbstanct a^^ainst which to titrate the 
permanganate. ThL? .s.ilt is rea«iily prepareti in the pure 
state, and can be kept f .»r a Ljng time without undergoing 
change. It contains exactly i^ne-seventh of its own weight 
of iron. A solution of ferrous ammonium sulphate gener- 
ally gives a feint red cijlour with potassium sulphixjyanide : 
I have, however, convince^! myself by experiment that the 
frrror which may arise fr«jm the trace of ferric salt is ex- 
ceedinrrly minute, indeed that it is probably less than that 
into which we fall by considering thin iron wire to be pure 
metallic iron. 

'502 ^ams of the double sulphate (1'96 grams if old 
notation be employed; are dissolved in about 60 cb.c. of 
water ar:idulated with sulphuric acid. If the |>erman- 
;{anat^; Vj of proper strength exactly 50 cb.c. will be re- 
fjiiired to produce a permanent pink colour with the above ■ 
Hol ij tion of ferrous ammonium sulphate. This solution will 
remain of c^jn.stant strength for several months if kept in 
a dark place.^ 

' Orift cubic centimetre of a solution of potassium permanganate 
wlifsii t'j{un\ i(> two-tenths of an atom of iron is also equal to one-tenth 
atom of oxalic acid, one-tenth atom of hme, of manganese dioxide, &c. 
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Certain substances exerts reducing action upon potas- 
sium permanganate in acid solutions : of these the most 
commonly occurring are ferrous, cuprous and mercurous 
salts, stannous chloride, antimonious and araenious oxides, 
metallic suboxides (of bismuth, molybdenum, silver, &c.), 
most of the metallic sulphides and iodides, especially those 
which are soluble in hydrochloric acid. Among the acids, 
hydrochloric and hydrosulphuric, arsenious, nitrous, phos- 
phorous, and the sulphur acids, with the exception of 
sulphuric, are the most common. The greater number of 
those organic compounds which are met with in quantita- 
tive analysis also,exert a reducing action on permanganate: 
from the number^ acetic acid and the ammonium salts of 
non-reduceable acids, must be excepted. 

Hydrogen dioxide may be estimated by means of per- 
manganate, •y^hich salt it reduces with evolution of the 
same quantity of oxygen as it withdraws from the per- 
manganate. 

§19. 
Iron Estimation. 

In order to determine ferrous salts they are dissolved in 
water, or in dilute sulphuric acid, and permanganate is run 
into the cold, dilute, but acid liquid until a permanent 
pink colour is produced. 

Supposing 50 cb.c. of two-tenths normal permanganate 
have been employed, this will be equal to 50x00112 = 
0*56 grams iron, or ^ X 0*66 = 0*72 grams ferrous oxide, 
(.56 of iron = 72 of ferrous oxide : the same factor ^ ex- 
presses the relation if old notation be employed). 

The ajnount of iron in a ferric salt is determined 
by dissolving in dilute sulphuric acid, adding a couple of 
grams of finely granulated zinc, covering the vessel contain- 
ing the liquid with a glass plate, and warming. So soon as 
the liquid has become perfectly colourless and a drop of it 
gives only a very faint colour with potassium sulphocyanide, 
the solution is decanted from undissolved zinc into a liask, 
the vessel being well washed with water, and the washings 
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added to the coDtents of the flask, into which pemum- 
gfinate is then lua until a faint permanent pink colour is 
produced. 

1 cb.c. ,", nonniil permanganate 

= 160 m.gm. ferric oxide (Fe.Os). 

- 325 m.gia. feme chloride (Fe,Clj). 
Or ill olil notation, 

= 80 m.gm. ferric oxide (Fe,Oj). 

- 162m.gm.ferriccKloride(Fe,Cl3).. 

In a solution containing both ferrous and ferric salts 
the former are estimated, as has been described, in a 
measured quantity of the liquid. The ferric salt in 
another portion of the liquid is reduced by means of zinc, 
and the total iron is then determined. By deducting the 
quantity of iT'on existing as ferrous salt, a residue is 
obtained which is then calculated to ferric salt. 

K a = total iron, and b = iron existing as ferrous salt, then 
h X i = ferrous oxide, 
6 X 2-268 = ferrous chloride, 
— i X V — ferric oxide, 
6 X 2'f93 = ferric chloride, 

Lenssen and Lowenthal have shown that oxidation of 
ierrous chloride takes place in solutions containing hydro- 
chloric acid without evolution of chlorine only under 
'Certain conditions of concentration. If 1 cb.c of liquid 
contains more than 1 m.gm. of iron, chlorine is evolved, and 
secondary reactions ensue which vitiate the results. 
Freseniua recommends to dilute the liquid containing 
ferrous chloride and hydrochloric acid to 250 ch.c. : to 
withdraw 50 eb^., and, after adding a large quantity of 
water containing sulphuric acid, to titrate with per- 
manganate, then to add again 50 cb.c. of the liquid and 
I titrate, and so on three or four times. When the 
I quantity of permanganate is used in two titra- 
f, the process may be stopped and the quantity of iron 
lated. 

B estimation of iron by means of permanganate may 
1 out in presence of aJl hases which do not 
b reducing action upon this liquid. Inasmuch 
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as of the commonly occurring metallic salts, stannous 
chloride, cuprous chloride, antimonious and arsenious 
oxides alone exert such an action, this process. for the 
estimation of iron is one ,which . admits of exceedingly 
wide application. Even from organic compounds iron 
may be precipitated by means of ammonium sulphide, and 
after washing, dissolving in sulphuric acid, and removing 
sulphuretted hydrogen by boiling, may be estimated by 
means of permanganate. Previous precipitation of iron 
as sulphide or oxide is also necessary in presence of 
oxidising or reducing acids, more especially of nitric, 
hydriodic, or oxalic acid. 

§20. 
Oxalic Acid Estimation. 

Oxalic acid and oxalates may be readily determined by 
means of permanganate. The liquid must be acidulated 
with hydrochloric or sulphuric acid (my own experiments 
show that it is immaterial which is used) and warmed to 
about 50° O. The fact that oxalates may be dissolved in 
hydrochloric acid and directly titrated with permanganate 
makes this process very generally applicable: the hydro- 
chloric acid apparently takes no part in the oxidation of 
the oxalic acid. 

1 cb.c. yV-normal permanganate 

= 12'6 mg.m. oxalic acid H2C2O42H2O. 

In old notation, 

1 cb.c. TV-normal permanganate 
= 3*6 mg.m. C2O3, or 
= 63 mg.m. CgOgSHO. 



§21. 

Estimation of Calcium Salts, Acetates, and Oxalates. 

Soluble calcium salts are readily transformed into 
oxalates by precipitation with ammonium oxalate: in this 
form they may be estimated. The solution is made 
alkaline with ammonia or acid with acetic acid, and an 
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excess of ammoniuin oxalate is added. After warming, 
the precipitate is filtered off, washed with hot water, and 
dissolved in dilute hydrochloric acid. 

1 equivalent of lime is equal to 1 equivalent of oxalic 
acid. As 1 equivalent calcium oxalate (CaC^OJ requires 
for oxidation as much oxygen as 2 equivalents ferrous 
oxide (FeO), and as the equivalent of lime (CaO=56) is 
the same as that of iron, it follows that the number of 
cb.c. of i^-normal permanganate used divided by 2 gives 
the amount of lime in m.gms. (This holds good also for 
old notation.) 

Even difficultly soluble calcium salts, such as the 
sulphate, phosphate, tartrate, and citrate, may be con- 
verted into oxalates by treatment with oxalic acid or 
ammonium oxalate ; the great stability of calcium oxalate 
renders this process for the estimation of calcium salts of 
wide application. This process will be further developed 
in Part II. 

If the solution of a calcium salt contain no other sub- 
stance capable of reducing permanganate, the calcium 
may be precipitated by adding a measured quantity of 
titrated oxalic acid, along with sodium acetate, to the 
warm liquid : after making up to 250 cb.c, the excess 
of oxalic acid is estimated in a measured quantity of 
the filtrate which has been acidulated with hydrochloric 
acid. 

Fresenius has recommended this method for estimating 
acetic acid in tolerably pure samples of calcium acetate. 
The lime is precipitated by means of a measured quantity 
of oxalic acid, the strength of which has been determined 
acidimetrically : the whole is diluted to 250 cb.c. ; two 
portions of 100 cb.c. each are passed through diy filters, 
in one the total quantity of acid is determined, in the 
other the quantity of oxalic acid is determined by means 
of permanganate. From these results the quantity of 
acetic acid is calculated by a method which will be 
apparent after consulting § 15. The process is less suited 
for coloured samples of calcium acetate. 

It will be readily understood that the oxalic acid in 
soluble oxalates (those of the alkalies, for instance), and 
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also in insoluble oxalates (those of strontium, barium^ &;c.) 
may be determined by means of permanganate. 

The potash in salt of sorrel may be determined by 
ignition, provided acids other than oxalic are absent, 
solution of the residue in water, filtration from any 
insoluble calcium carbonate, and titration of the potassium 
carbonate by alkalimetric methods. 



§22. 
Copper Estimation. 

Copper may be precipitated from almost any solution 
in the form of cuprous oxide. For this purpose tartaric 
acid is added, followed by excess of caustic potash or 
soda: if a clear deep blue liquid is not thus obtained more 
tartaric acid must be used. A considerable quantity of 
grape sugar is now added, and the liquid is boiled until 
the precipitate becomes bright red in colour. The pre- 
cipitate is filtered and washed with hot water until 
the washings are perfectly clear and colourless. The 
precipitate is then transferred to a solution of ferric 
sulphate (prepared by dissolving ferric oxide in sulphuric 
acid) which is free from hydrochloric and nitric acids, and 
warmed. 

The cuprous oxide is dissolved in accordance with the 
reaction. 

CujO + Fe^aSOi + H2SO4 = 2CUSO4 + 2FeS04 + Hp. 
Old notation, 

CuaO + FegOgSSOg + SO3 = 2CUOSO3 + 2FeOS03. 

For every two equivalents of copper ( = 1264) two 
equivalents of ferrous sulphate are produced. By de- 
termining the quantity of ferrous salt in solution by 
means of permanganate, the quantity of copper originally 
2)resent may be readily calculated. 

1 cb.c. xTj-normal permanganate = 12*64 m.gm. copper. 

Old notation, 

1 cbc. ^normal permanganate = 632 m.gm. copper. 
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Other methods of reducing the copper to the form of a 
cuprous salt may ho adopted. Some of these, being 
applicable for aciil solutions containing other metals 
besides copper, are mora expeditious th&n that which has 
been described. 

Copper may be precipitated fi-om a solution containing 
hydrochloric acid in the form of insoluble cuprous 
iodide, by the aildition of stannous-chloride and potassium 
iodide. The cupi-oiis iodide may be transformed into the 
corresponding oxidi> by boiling with caustic potash, or it 
may be dissolved in ferric sulphate solution, and the 
ferrous sulphate estimated by permanganate after boiling 
off the free iodine. 



Old DOtAtioD, 

CujI + 2Fep33S03 = 



1^ + 4FeS04 + Ij. 
ISO, + 4FeOSOa + I. 



Inasmuch as two equivalents of ferrous salt are formed 
" r each equivalent of copper, it follows that 

1 cb.c. iVnormal permEmgaaate = 632 m.gm. copper. 
[ Old not&tioD, 

;, ^noraial permaaganate = 316 m.gm. copper, 

rther observations on this method, which is of general 

fction, will be found under the heading of lod^mstry. 

r may also be precipitated, and separated from any 

l^mebals, by I'educiog its hydrochloric acid solutions 

Bleans of suljihurous acid or sodium sulphite, and 

_ ^Ltating with potassium sulphocyanide. By boiling 

B jprecipitated cuprous sulphocyanide with caustic pot- 

^, and wa.?hing until the washings cease to be reddened 

', addition of ferric chloride, pure cuprous oxide is 

ined, which may then be dissolved in ferric sulphate 

. Jon. 

''-e ferric sulphate solution used in the foregoing and 
■qral other volumetric processes is most readily 
"^y saturating pure ferrous sulphate .with a 
nitric acid sufficient for ita complete 
t '-)huric acid, and evaporating until 
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the whole of the nitric, and the greater part of the free 
sulphuric acid is expelled. The salt may alsp be |)ur- 
chased; before use it should be moistened with a little 
strong sulphuric acid, and dissolved in 20 or 30 times its 
own weight of water. 

§23. 
Manganese Estimation. 

The volumetric valuation of manganese ores is carried 
out by an indirect method: the quantity of oxygen 
capable of acting upon a ferrous salt, contained in thie 
sample, is determined. For technical purposes, this 
method is of very wide application. A weighed quantity 
of the finely powdered sample is mixed with dilute 
sulphuric acid and a known amount of ferrous sulphate, and 
the whole is gently warmed. The following action 
thereupon takes place. 

MnOg + 2FeS04 + 2H2SO4 = MnSOi + Fe23S04 + SHgO. 
Old notation, 

MnOa + SFeOSOg + 2SO3 •= MnOSOg + Ye^OfiSO^. 

By determining the amount of residual ferrous salt by 
means of permanganate, and deducting this from the 
total quantity of ferrous salt used, the amount of this 
salt which has undergone oxidation is found, and from 
this the available oxygen in the sample of manganese is 
deduced. Thus, supposing that a quantity of ferrous 
sulphate containing 278 grams of iron as ferrous salt 
has been employed, that after the action 0*63 grams of 
iron remain as ferrous salt, then 2*78 — 063 = 215 grams 
of iron have undergone oxidation. But as 112 of iron 
correspond to 16 of oxygen (see foregoing equation) it 
follows that to obtain the amount of available oxygen in 
the manganese, we must multiply the quantity of iron 
which has undergone oxidation by ^ : in the present case, 
the quantity of available oxygen is found to be 2*1 5 
X 4^ = 0*307 grams. (The same fraction \ is used when 
working with old notation.) 
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The quantity of pure manganese dioxide may be 
calculated by remembering that each 16 of oxygen 
correspond to 87 of MnOo or to 55 of Mn (old notation, 
S oxygen = 43-5 mi0.y = 27'o Mn). 

The natural ores of manganese, however, generally con- 
tain lower oxides than MnOg : in the Third Part of this 
book the analyses of these ores will be more minutely de- 
scribed ; meanwhile I wish to show how the manganese 
compounds in general may be transformed into the pure 
dioxide, and estimated as such. 

The soluble manganese salts all give precipitates of 
manganese dioxide — containing the whole of the man- 
ganese originally present — when treated with oxidizing 
agents in slightly acid solutions. For instance, a solution 
of a manganous salt in hydrochloric or sulphuric acid, 
when treated with excess of sodium acetate dissolved in 
acetic acid, followed by addition of sodium hypochlorite to 
the boiling liquid, yields the whole of its manganese in 
the form of precipitated dioxide. This precipitate may 
then be filtered ofi*, washed, and titrated, as has been 
already described. Inasmuch as no oxide of manganese 
other than MnOg is present, it is only necessary to 
multiply the quantity of iron which has been converted 
into ferric salt by tVt = 0'63393 in order to obtain the 
amount of MnO in the sample (in old notation same 
factor is employed). 

A titrated solution of oxalic acid may be employed 
instead of ferrous sulphate for the purpose of reducing 
the manganese peroxide; the amount of undecomposed 
oxalic acid is determined by means of permanganate. 

126 parts crystallised oxalic acid = 55 parts manganese. 

= 71 parts manganous oxide. 
Old notation,. 

36 parts CgOg, or 63 parts C2O33HO = 275 parts Mn. 

= 35 "5 parts MnO, 

The presence of ferric salts does not interfere with 
manganese estimations by either method. 
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§ 24. 
Separation and Estimation of Cobalt and Niekel. 

The method for separating and estimating cobalt and 
nickel which I have devised is based upon the fact that 
these metals may be completely precipitated as ses- 
quioxides, but that the two sesquioxides behave differently 
towards ammonia. 

An acid solution of the two metals is decomposed by 
means of an excess of sodium hypochlorite and caustic 
soda, a further quantity of hypochlorite is added, and the 
liquid is boiled until the precipitate becomes perfectly 
black. ' After standing a few moments the precipitate is 
filtered off. 

A complete precipitation of cobalt and nickel may thus 
be effected. The liquid must be strongly alkaline. The 
use of caustic soda is to be preferred to that of carbonate. 
Bromine may be employed in place of sodium hypo- 
chlorite. The precipitated sesquioxides (R2O3) must be 
completely free from protoxides ; if the precipitate be 
granular and very dark brown or black, and if the liquid 
smeU strongly of chlorine, the absence of protoxides i& 
ensured. 

The sesquioxides of cobalt and nickel closely resemble 
one another in their general properties ; the nickel salt 
is, however, the more easily reduced of the two. Nickel 
sesquioxide is very readily reduced to protoxide by 
ammonia even without warming. Cobalt sesquioxide, on 
the other hand, is unacted upon by either cold or boiling 
ammonia. Warm ammonia reacts upon nickel sesquioxide 
with the production of nitrogen and nickelous oxide (NiO), 
which is partially dissolved in the excess of ammonia. 
If the mixed sesquioxides of cobalt and nickel be heated 
to boiling with dilute ammonia, the residue, on filtration, 
contains the whole of the cobalt as C02O3, mixed with more 
or less NiO, but not a trace of NigOg. The separation by. 
means of ammonia is only partial, the reduction of the 
nickel salt is complete. The cobalt contained in the 
residue may be determined by treatment with a measured 
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quantity of feiTOus sulphate and titration with per- 
manganate. 

2FeS04 + C02O3 + 3H2SO4 = re23S04 + 2C0SO4 + 3H/). 
Old notation, 

SFeOSOg + C0P3 + 3SO3 = FePgSSOa + 2CoOSOj. 

112 parts of iron oxidised to ferric salt 

= 117'6 parts of cobalt originally present. 
Old notation, 

56 parts of iron oxidised to ferric salt 

= 588 parts of cobalt originally present. 

By precipitating the two sesquioxides in a fresh portion of 
the original liquid, treating the precipitate with ferrous 
sulphate, ivithout previous boiling with ammonia, and 
titrating with permanganate, the quantity of nickel may 
be determined. 

Tliis method gives good results. Care must be taken in 
the precipitation of the sesquioxides, and also in the 
treatment with ammonia. I make use of perfectly pure 
ammonia of 096 spec. grav. diluted with three volumes of 
water ; the precipitate is heated to boiling with 30 to 50 
cb.c. of this liquid, which is then at once filtered off; the 
residue is then washed with hot water. 

A large excess of ferrous sulphate should be avoided. 
The addition of sulphuric acid should be made after that 
of the iron salt. 

This method is applicable in the presence of many 
metallic oxides, especially those of zinc, iron, chromium, 
cadmium, tin, aluminium, and the alkaline earth metals. 
The other metals either form higher oxides by treatment 
with sodium hypochlorite in alkaline solutions, or they 
more or less hinder the oxidation of cobalt and nickel ; 
they must, therefore, be removed. 

Manganese may be separated from nickel, but not from 
<3obalt, by precipitation with sodium hypochlorite in an 
acetic acid solution. Methods of separation from cobalt 
will be described in Part II. 

Cobalt and nickel may also be directly estimated by 
saturating the solution which contains the two metals 
with caustic potash, and adding potassium cyanide until 
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' the precipitated oxides are again dissolved. Bromine is 
then added, the liquid being kept coM, wherehy the whole 
of the nickel is precipitated as NigOg without a trace of 
cobalt The nickel in the precipitate is estimated by the 
ferrous sulphate and permanganate method. By precipi- 
tating both sesquioxides in another portion of the original 
liquid, and decomposing the NigOg by means of ammonia 
(without treatment with potassium cyanide), a residue is 
obtained in which cobalt may be directly determined. 
This method is exact, and is exceedingly well adapted for 
correct estimations of nickel. 



§25. 
Estimation of Chlorine Water, and of Bleaching Powder. 

Free chlorine, or the hypochlorites — ^which evolve 
chlorine when treated with hydrochloric acid — may be 
determined by allowing them to react upon a known 
quantity of fen'ous sulphate or chloride, and estimating 
the residual ferrous salt by titration with permanganate. 
' One equivalent of ferrous chloride is converted into 
ferric chloride by two equivalents of chlorine — 

Fe2Cl4 + CI2 = FegClg. 

Old notation, 

2FeCl+P = Fe2Cl3. 

In order to determine the quantity of chlorine in 
chlorine water, the amount of iron converted into ferric 
chloride must be multiplied by xtV = 0633 (old notation, 
same factor). 

If it be desired to determine the quantity of hypo- 
chlorous acid in bleaching powder, the following reaction 
may be taken advantage of: — 

Ca(C10)2 + 4Ha + 2Fe2Cl4 = CaClg + 2H2O + 2Fe,Cl6. 
Old notation, 

CaOClO + 2HC1 + 4FeCl = CaCl + 2H0 + 2Fe2Cl3. 

Four equivalents of iron converted into ferric salt 
correspond to two equivalents of hypochloroxx^ ^&\A. 
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(HCIO); therefore, to calculate the quantity of this acid 
in the blearing powder it is necessary to multiply the 
amount of iron converted into ferric salt by ij| = 
0-2344. (In old notation the factor becomes -Jif = 0'388i 
CIO = hypochlorous acid). 

Inasmuch, however, as bleaching powder is usually 
valued by the amount of chlorine whicn i* disengaged on 
acidification, the calculation given for free chlorine is 
more frequently made use of. 

The osj'dimetric method just described is applicable to 
the estimatiou of chlorates as well as h3'pochlorites in 
acid solutions. Inasmuch, however, as chlorates do not 
bleach, this method cannot be applied for the estimation 
of the bleaching value of hypochlorites containing chlo- 
rates : in siich a case a process must be employed which 
is applicable iu alkaline solutions, and which is not inter- 
fffl^d with by the presence of chlorates. Such a process 
"will be described in Part III. 

It ia well to bear in mind that ferrous ammonium 
sulphate cannot be made use of in the foregoing pro- 
cesses, because of the action exerted on chlorine by 
ammonia. 



§26. 
Eatimatioa of Chromio Acid and Chromates. 

The equation expressing the action of chromic acid 
jpon feiTous sulphate in presence of sulphuric acid is as 
follows :— 

aH^Crtij + 6FeS0, + eH^SO, = CraSSOj + 3Fea3SO, 
+ 8H3O. 
Old notation, 

2C1O3 -1- (iFeOSOa + 680, = CrjOr^SOs + SFejOsSSOs. 

■^m this equation we learn that 3 equivalents of 
•ps fialt correspond to 1 equivalent of chromic actd. 
"i^uc acid, free or combined, may be estimated by » 
fe. which is exactly similar to those already des- 
■The greater the quantity of sulphuric acid used, 
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the more easy is it to determine the final point of the 
reaction,- inasmuch as the green colour of the chromiuin 
: sulphate is rendered less marked. 

In order to calculate the quantity of chromic acid, 

it is only necessary to multiply the amount of iron con- 

' verted into ferric salt by 0'7024 ; to calculate chromium 

oxide, CrgOg, theffcictor is 0*453; and to calculate metallic 

, chromium, 0*31 07. (In old notation these factors are 

0-496, 0-453, and 0-3107 respectively.) 

All chromium compounds may be converted into 
chromic acid by reducing to chromium oxide, and then 
\ boiling, in alkaline solution, with a little bromine ; they 
' may then be determined by the foregoing method.^ 

I 
' § 27. 

Estimation of Barium, Lead, and Bismuth. 

! These three metals may be completely precipitated by 
means of potassium chromate, or, better, potassium di- 
^ chromate. In precipitating lead salts the solution may 
I he neutral, or, preferably, acidified with acetic acid. The 
I latter condition is readily attained by adding sodium 
-acetate to a solution of the lead salt in nitric acid. The 
precipitate obtained in the case of lead salts has the 
;. formula PbCrO^ (PbOCrOg). By decomposing this pre- 
cipitate by means of strongly-acidified ferrous sulphate, 
\ or. better, ferrous chloride solution, of known strength, 
^. cletermining the amount of iron converted into ferric salt, 
[ and multiplying this by 1*232, the quantity of lead may 
! be found (old notation, same factor). 
j In estimating bismuth the acid solution is neutral- 
I ised with sodium carbonate until it becomes slightl}" 
turbid; a couple of drops of nitric acid are added, fol- 
I lowed by addition of potassium dichromate. The preci- 
pitated chromate, Bi2032Cr03 (Bi032Cr03), after being 
Washed, is treated with ferrous chloride, &c. The quan- 

' Chiomic acid is best precipitated from acid liquids by means of 
lead acetate, from alkaline liquids by means of barium chloride. In 
the precipitated chromates the chromic acid may be readily esti- 
mated. 
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tity of iron converted into ferric salt, maltiplied by 1*232, 
gives metallic bismuth 'old notation^ same &ctor). 

Barium chromate is quite in^soluble in water containing 
ammonia: ammonium salts do not interfere with the 
formation of the chn^mate. To the solution contain- 
ms barium, ammonia, free from carbonate, is added. 
A solution of pi>tassium dichromate, free from sul- 
phate, and made alkaline with ammonia, is then, added; 
the precipitated barium chromate is washed until the wash- 
insrs no longer render lead acetate solution turbid, treated 
with ferrous sulphate, and the ferric salt so produced 
is estimate*! bv means o{ permanganate. It is not 
necessary to filter oS the barium sulphate which is 
formed before titrating. Barium chromate has the for- 
mula BaCrO^ : the quantity of iron changed to ferric salt 
multiplied by OS 15 -5, gives the amount of barium (old 
notation, tisLCtor = OOllt) ; Ba = 6S'o]. 

Barium may be separated from strontium and calciuHi 
by precipitation as chromate, salts of the latter metals 
giving no precipitate with potassium dichromate in pre- 
sence of sal-ammoniac and at ordinary temperatures. 

5 2S. 
EstimatioiL of Ferro- and Fern-Cyanides. 

Soluble ferrocyaniries are converted into ferricyanides 
by the action of permanganate of p.-^tassium. 

A quantity of the ferrocyanide is dissolved in water, 
so that 100 cb.c, of the liquid contain about 01 gram of 
the salt ; the liquid is strongly aci^iified with hydrf>- 
chloric acid, and titrated with permanganate. 

As it is ditBcult to determine the final point of the 
reaction in the ordinary way, it is advisable to bring ft 
ilrop of the liquid from time to time on to a poi'celai'* 
.-^lab along with a drop of feiTic chloride: so soon as n^ 
blue colour is produced, the process is finished. It is aU*> 
advisable to titrate the pemianganate used against a solu- 
tion of pure potassium feiTOcyani Je <.»f known strength, 
and from the result to calculate the amount of ferro- 
cyanide in the sample. 
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Ferricyanides must be reduced to feiTOcyanides before 
they can be estimated by this method. The reduction is 
best brought about by boiling the solution after addition 
of excess of caustic potash and ferrous sulphate ; the pre- 
cipitate which forms is filtered off, and the fen^ocyanide 
is estimated in the filtrate, after acidification. By multi- 
plying the amount of ferrocyanide found by 0*893, the 
amount of ferricyanide is deduced (old notation, same 
fector). 

If ferro- and ferri-cyanides are simultaneously present, 
the former is estimated in a portion of the liquid, while 
in another portion the ferri- is reduced to ferro-cyanide, 
and the total salt then estimated. 

If the solution contain sulphocyanide, the ferrocyanide 
is precipitated by means of ferric chloride, filtered off^ 
Well washed and boiled with caustic potash. After filter- 
ing off the ferric oxide produced, the ferrocyanide is 
estimated in the filtrate. 

If ferricyanide, ferrocyanide, and sulphocyanide are 
simultaneously present, the ferrocyanide is to be deter- 
DQined as has just been described. Another portion is 
to be boiled with caustic potash and mercuric oxide, 
whereby the whole of the iron is precipitated as oxide. 
This precipitate is to be dissolved in hydrochloric acid, 
the mercury removed by precipitation as sulphide, and, 
pAer boiling off all sulphuretted hydrogen, any ferric salt 
IS to be reduced to ferrous salt, and the iron estimated 
oy means of permanganate. By deducting the quantity 
of iron found as ferrocyanide, a residue is obtained repre- 
senting the amount existing as ferricyanide. 

§ 29. 
Tin Estimation. 

Tin may be determined by taking advantage of the 
fact that stannous chloride reduces ferric to ferrous 
chloride. 

SnClg + FegClg = Yej^\^ + SnCl4. 

Old notation, 

SnCl + FegClg = 2FeCl -f SnCl.^. 
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EfitiziACl-r cf Zin:. C&dni^. Yiz. lid S^ilphides of tke 



•Vritair. niriatl!:: ?-l:L:iv-? :::&:nei :y precipitatiog 
•s:::. yir/i.iT^z'.'^i r-yiriCTn :t anir^.cinni sulphide. are 

f-j:&75.'''.-=: :z 'i-lrz^.izj: i-r.^n. :•:<:: in in prt^^ence of ferric 
■=:'.: 'nat-T ' r i-r.l : r: ir. wLrr^': v s.n 5.n: ; 'in: : :'ir :n. et^uivalent- 
z-:- zr.-s £.ni un: : : s u'.r h-ir in : ir <v.l: n: ir . is rt^iuctd to the 
-t^ir :: r-rrr :-:s s^:. :i-r nir:.-\l a: :'nr samr time iroin? into 
-. li'.i'.n. ^-ni sul: nir l^r'.n^* iriv-it-r-.L Inasmuch as 
TC^Ziy rn^:£i> ar-r s^r^-atriri :n :l:v :\mi :: sulphides, this 
r;'.-t".:. :■!. 'ejinLTS :: verv wiif arvl:-^s.::.n. and is much to 
r r: : 7 -: ! -: rTv 1 '.•'.■ t iL r : 1 .1 e 7 n. r t ii : • 1 : :' : re ei pi tat ion by 
n.^:^T:- : & :::r.\:'r.L -".•.::: n =:: s-r-.'/.iini <-.;.pnKie. 

Tnr r:.etr. i :- esr^-^irillv :-.; : '::a''/.e in the cases •'^fzinc, 
'-::^*irr.:Mn.. tin, L.an^-anese. ani ii.n: inasmuch, however, 
a.- -:•::: -:rr.v*.v i:'>::l and reaiv ni-rth d> are known for the 
».-stiri-at::ri -f thv tw. .last-naiii^r I metii-s. I ivcommendthc 
: i^srrnt n>.-:h- d onlv f...r tliv •L>r:inri:ion of the other three 
iii^rr^iis and •'.! th«r alkaline >u.;i.Mes. 

Zirio IS pr-joipitated as siilph:«Ie I y passing: sulphuretti" 
riydp.'^'»:ii thriuirh an acvtic acid solution : the sulphide i* 
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brought ittto a solution of ferric sulphate, and the quantity 
of feiTous salt formed is estimated by permanganate, 
after the zinc is entirely dissolved and the whole of the 
sulphur is precipitated. 

Fe^SSO^ + ZnS = ZnSO^ + 2FeS04 + S. 
(FeASSOg + ZnS = ZnOSOj + 2FeOS08 + S). 
112 parts of iron converted into ferrous salt = 65*1 parts 
of zinc. 

In old notatidn, 

56 parts of iron converted into feiTOUs salt = 32*55 parts 
of zinc. 

Cadmium may be estimated in a similar manner, making 
use of ferric chloride instead of sulphate. 

1 1 2 of iron = 112 of cadmium. 

FoUenius ^ has shown that when cadmium is precipi- 
tated as sulphide from acid liquids the precipitate in- 
variably contains small quantities (2 to 4 per cent of the 
total amount) of cadmium salts other than the sulphide ; 
this precipitation of mixed salts does not take place 
when the cadmium sulphide is thrown down from alka- 
line solutions; it is then, however, very difficult to 
filter. The precipitation of cadmium sulphide is best 
Accomplished from hot solutions containing sulphuric 
acid of 1*19 sp. gravity, to the extent of 30 per cent by 
volume. From solutions containing hydrochloric acid 
cadmium is completely precipitated as sulphide only 
when not more than 5 per cent of an acid of I'll sp. 
gravity is present, if the liquid be hot, and not more than 
14 per cent if the liquid be cold. 

Tin must be precipitated in the form of stannic 
sulphide, SnSg. Before precipitation stannous must be 
converted into stannic salts either by means of free 
chlorine or potassium chlorate ; excess of chlorine may be 
converted into hydrochloric acid by adding oxalic acid. 
The precipitated stannic sulphide is boiled along with 
ferric chloride and hydrochloric acid. In titrating the 

* Zeits.fiir Anal. Cliem, xiii., parts 3 and 4. 
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ferrous chloride formed, the precautions detailed in § Id 
must be attended to. 
The equation 

2FesCl, + SnSa = SnCl^ + 2S + 2FejCl4 
(2Fe2Cl, + SnSs = SnCL + 2S + 4FeCl) 

shows that Sn = Fe x 0527. 

Sulphides of the alkalies may be directly determined 
b}" causing them to act upon ferric sulphate in acid 
solution ; but inasmuch as these sulphides generally con- 
tain lower oxides of sulphur which are more or less 
oxidised by fenic salts, it is preferable to precipitate the 
sulphur from the sulphide under examination by means 
of zinc sulphate, or, better, by means of cadmium sulphate^ 
and to dissolve the precipitate of zinc or cadmium sul- 
phide in ferric chloride, &c. If, however, alkaline poly- 
sulphides are under examination, the precipitated zinc 
or cadmium sulphide will be mixed with free sulphur. 
We shall revert to the examination of these polysulpiiides 
in Part III. 

The solution of ferric sulphate or chloride employed in 
the foregoing estimations must be tolerably concentrated 
(about 1:10), and it must also be rendered acid. Neither 
nitric acid nor free chlorine can be present. 

§ 31. 
Ozydimetric Estimation of a few of the Ilarer Substances. 

{Nitrousy Titanic, and Molyhdic Acids, and Hydrogen Pei'oxide,) 

Nitrous acid may be estimated in very dilute acidified 
solutions by direct titration with permanganate.^ 

5HN0j + 2HMn04 = 2Mii2N08 + HNOj + SH^O. 

It appears from this equation that that amount of per- 
manganate which is capable of oxidising two equivalents 

^ In the presence of other substances which decolorise perman- 
ganate, nitrous acid may be determined after distillation with 
sul phuric acid . This method is serviceable in the analysis of drinki ng 
waters^ 
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of iron is only capable of oxidising one equivalent of 
nitrons acid; hence, 

1 cb.c. ^g-normal permanganate = 4'7 m.gm. HNOo. 

In old notation, 

1 cb.c. t'tj-1^0^^^8'1 permanganate = 1 '9 m.gm. NO3. 

Titanic and molybdic acids may be reduced by means 
of zinc in solutions containing sulphuric acid, whereby 
coloured hydrates are produced. By treating the coloured 
liquids with permanganate they are decolorised, and 
finally the colour of the permanganate itself becomes 
apparent. This method is, however, liable to the objec- 
tion that it is extremely difficult to tell when the reduction 
by means of zinc is complete. If the solution be free 

' ^ from other heavy metals, the two metals may be precipi- 
tated with lead acetate, and the amount of lead determined 
in the precipitate after ignition and weighing. By 
deducting this from the total weight the quantity of 
naolybdic or titanic acid is found. Ammonium molybdate 
may be directly ignited along with lead oxide and the 
acid calculated from the increase in weight. 

1 Hydrogen peroxide may be determined by means of 

permanganate after acidification with sulphuric acid ; the 
titration must be carried out at ordinary temperatures. 

5H0O2 + 2HMn04 + 2H2SO4 = 2MnS04 + 8H,0 + lOO. 
(5HO2 + MnA + 2S08 = 2MnOS08 + 6H0 + lOO). 

J 1 cb.c. -r^g-normal permanganate = 3*4 m.gm. HjOj. 

I In old notation, 

' 1 cb.c. y%-normal permanganate = 1 '7 m.gm. HOg. 

I jB. — lodometry, 

[ The iodometric methods depend on the power which 

free iodine possesses of oxidising many substances. Iodine 
is not however so energetic an oxidiser as free chlo- 
rine or potassium permanganate. A solution of ferrous 
sulphate for instance is not oxidised by iodine : on the 
contrary, ferric chloride is reduced to ferrous chloride by 
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j::f:anfl of pr.tariainm iodide, ioiiine fceiiu? simnltaunioosly 
-<:riaratt^<l. Tli^^jie reactions «>iilv however hold a»-«>ifii 
T.h*-, ir^n -lalt-i of the stronger mineral aci»is : ferrjus acetatt- 
i.-i oxidi.sed at once hv means of i<xline. 

rna.-.mur:h aM free LG*line may be estimateii with jreat 
*:,ractne5*fl, and inasmuch slfnj as manv isub&tances either 
00 rn bine with iodine, or separate i«"jdine from it? dMi- 
porind-s, th'i ifjd'^nitjtric methods are of very wide appKca- 
tion. Tlie advantages of these mtr thiols t-ecijme the more 
apparent wh^n we remember that many substances which 
''ran be ejv.il v an<l accnratelv determineiJ bv means of 
I'idint; can onlv otherwise be estimated bv comrlicatea 
and often n'jt very exact crravimetric processes. This is 
^:«'.[*eciallv tnie ';f .sulphuretted hydrogen, and of .'julphnr- 
• .jj.-. and tliiosulphuric acids. 

VVT-ien free iodine is brought into contact with siidiani 
thioHulphaD:, -sodium iodide and sodium tetrathionate are 
f^rodaced — 

r^yaii)^/)., -r"l = >'aOS^03 -^ Nal.) 

So also iodine oxidises sulphurous to sul|»huric acid — 

HJ^i \ - H..0 H- 1., = H.SO^ ' -2111, 
..SO, ^ i:H<3 ^ I = HOSO3 - HI.) 

^Vmcent rated solutions of sulphurous acid are, however, 
but litr.I*; acted upon by iodine : the reaction takes plac** 
only when the a<[ueous solution contains not more than 
()'()i to 0O.> per cent of sulphur dioxMe SOo (Bunseti. 
Mohr has however shown that sulphurous acid may be 
estimated in concentrated solutions by means of iodine by 
addin;.^ excess of sndium carbonate. 

J find that the ust- of borax is preferable to that u* 
sodium carbonate inasmuch as effervescence is hereby 
avoided. 

Free iodine decomposes sulphuretted hydrogen ^'^^n 
f'^rmation «jf hydriodic acid and sulphur — 

H.S - 1, = 2HI ^ S. 
(HS + I = HI + S.) 
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In this case the process is improved by adding a little 
sodium acetate solution before titration, in order to con- 
vert the hydriodic acid into sodium iodide. 

Those substances which oxidise ferrous salts in acid 
solutions (MnOg, CrOa, HOCl, &c.), also separate iodine 
from potassium iodide and may therefore be estimated by 
iodometric methods. Titration with permanganate is 
however so easily carried out, and the results are generally 
so accurate that oxydimetric methods are as a rule to be 
preferred to iodometric. In the following methods I shall 
therefore only describe those which cannot be advantage- 
ously replaced by processes involving the use of perman- 
ganate. 

§ 32. 

Preparation and Standardising of the Solutions required 

for lodometry. 

The following solutions are required — 

1. A Solution of Iodine of knoivn strength — qyrefer- 
ably decir-noi'Tnal : prepared by dissolving 12*7 grams of 
pure dry iodine ^ along with 20 to 30 grams of potassium 
iodide in 1,000 cb.c. of distilled water. The potassium 
iodide must be free from iodate: a few grains when 
tested with a little starch paste and a drop of hydro- 
chloric acid should give no blue colour. 

2. A Deci-not^ial Solution of Sodium Thiosulphate : 
prepared by dissolving 2 tS grams of the pure dry salt in 
1,000 cb.c. of water containing about 2 grams of am- 
monium carbonate.^ 

3. A Solution of Starch: prepared by triturating 
starch with about 100 times its own weight of distilled 
water, and boiling. The solution must remain clear and 
free from lunips when cold. The addition of a couple of 

^ Obtained by subliming iodine along with a little potassium 
iodide and drying for a few hours over sulphuric acid in an exsic- 
cator. 

* A very dilute solution of sulphur dioxide containing not more 
than 0*04 per cent may be used instead ; but the liquid must be 
titrated daily. 
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drops of an alcoholic solution of salicylic acid preserves 
the starch from decomposition. 

If the iodine solution is to serve as a standard liquid 
it is necessary that it be prepared with great accuracy. 

10 cb.c. of the thiosulphate solution are placed in a 
beaker along with a few drops of starch solution, and tihe 
iodine is run in from a glass-stoppered burette graduated in 
lOths cb.c, until a permanent blue colour is produced. 
From the results of this trial (which had better be twice 
repeated) the two liquids are adjusted so that 1 cb.c. of 
deci-normal iodine exactly corresponds to 1 cb.c. of deci- 
normal thiosulphate solution. The formation of blue 
iodide of starch, by the action of free iodine upon starch, 
is a reaction of the greatest delicacy ; it is brought about 
either in acid liquids or in liquids containing carbonates 
of the alkalies. The less concentrated the acid and the 
lower the temperature, the more delicate is the reaction. 
Those substances which combine with free iodine, more 
especially thiosulphates and sulphites, decolorise iodide 
of starch ; but the blue colour again becomes apparent so 
soon as there is the slightest trace of free iodine in the 
liquid. A large excess of iodine produces a blue-violet 
colour with starch, but by neutralising the greater part 
of the iodine with sodium thiosulphate, a pure blue colour 
is again produced. It is evident that the accuracy of the 
foregoing methods of standardising the normal liquids are 
entirely dependent upon the purity of the iodine employed. 
Iodine is, however, hygroscopic, somewhat volatile at ordi- 
nary temperatures, and generally contains chlorine or 
bromine. 

Sodium thiosulphate can however be readily obtained in 
a state of almost perfect purity ; this salt moreover is not 
efflorescent and is non- volatile. The presence of traces of 
sulphites (recognised by the production of a turbidity on 
addition of barium chloride and iodine solution) has no 
appreciable influence upon the use of the salt in iodometric 
methods. Nevertheless there is no difficulty in obtaining 
a salt absolutely free from sulphites. Crystallized sodium 
thiosulphate has the formula Na2S2035H20 = 248; by dis- 
solving 24*8 grams in one litre of water a solution is 
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obtained, 1 cb.c. of which corresponds to 1 cblc. of deci- 
normal iodine solution = 1^'7 m.gm. iodine, fin old nota- 
tion NaOS^OgSHO = 124 : 248 grams in 1000 cb.c. of 
water give a -^nriiormal liquid, 1 cb.c. of which = 12'7m.gra. 
iodine.) The addition of about 5 grams of ammoniutn 
carbonate to each litre of thiosulphate solution materially 
increases the stability of the liquid. The solution should 
be kept in bottles made of dark glass, or in ordinary 
bottles covered so as to exclude the light. The salt may 
be weighed out from a stoppered tube.^ 

It is well to test both iodine and thiosulphate from 
month to month. 1*240 grams of freshly crystallised thio- 
sulphate, dissolved in 50 or 100 cb.c. of water, should 
require exactly 50 cb.c. of iodine, if the latter be accur- 
ately deci-normal. Having obtained the exact strength 
of the iodine the stock thiosulphate solution is titrated 
against a known volume of iodine, and in this way any 
alteration in strength is detected and estimated. 

Any form of burette may be employed for thiosulphate, 
only a glass-stoppered or Gay Lussac burette (preferably 
the former) for iodine solution. 

It is sometimes advisable to employ centi-normal solu- 
tions of iodine and thiosulphate in the estimation of 
sulphuretted hydrogen and sulphurous acid, in mineral 
waters for instance. Such solutions are at once prepared 
by diluting the deci-normal liquids with nine times their 
own volume of water. 

§ 33. 
lodometric Processes in General. 

In iodometric titration processes it is required to 
estimate the amount of iodine either set free by, or 

' * In subliming iodine two crucibles may be used, one inverted upon 
and exactly fitting over the other, or two large test tubes one just 
fitting inside of the other : the iodine is sublimed from the lower 
into the upper. The apparatus should be heated on a sand bath. 
The sublimed iodine is loosened from the sides of the upper vessel 
which is then placed over strong sulphuric acid for some hours, after 
which the dry iodine is quickly transferred to a stoppered weighing 
tube.— Tr. 
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taken into combination with the substance to be 
determinecL 

For this purpose starch is added to the liquid contain- 
ing free iodine and thiosulphate is run in until the blue 
colour is completely discharged. From the quantity of 
thiosulphate consunjed the amount of free iodine is directly 
known, and from this the amount of the substance to be 
determined is calcidated. Sometimes thiosulphate is added 
in excess, and the excess determined by standard iodine, 
which is i-un in until a permanent blue colour is obtained. 
The production of a colour is generally to be prefeiTcd as a 
means for determining the termination of a reaction, to the 
decolorisation of a coloured liquid. 

Inasmuch as caustic alkalies and normal carbonates of 
the alkalies combine with free iodine, the bicarbonates 
must be employed when it is required to carry out iodo- 
metiic methods in alkaline solutions. 



S 34. 

Estimation of Sulphur Dioxide (Sulphurous Acid) and 

Sulphuretted Hydrogen. 

The reactions upon which the processes for the estima- 
tion of these two substances are based are these : — 

(1) SO, + 1., + 2H.,0 = HoSO^ + 2HI. 
(SO, + L>HO +1 = HOSO3 + HI.) 

(2) a.sV I2 - 2HI + s. 
(HS + 1 - HI + S). 

The solution must not contain more than 0*04 to O'Oa 
per cent of SO, or of HgS : otherwise the equations 
formulated above do not represent the only actions 
which occur. 

(In the first case the sulphur dioxide is not completely 
changed into sulphuric acid : in the second sulphuric acid 
is produced.) 

The liquid containing sulphur dioxide, or sulphui^etted 
hydrogen, after dilution with distilled water which haj 
heen previously boiled and allowed to cool in a dosed 
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vessel, is placed' in a beaker or preferably in a flask -^ 
starch is added and iodine is run in until a permanent 
blue colour is produced. 

Iodine used X 0-25196 = SO., 
Do. X 0-13385 = H2S 
Do. X 0.12598 = 8 
Same factors in old notation. 

4 

1 cb.c. iodine = Trrth atom of SOg, HgS, or S. 
In old notation, 

1 cb.c. iodine = i^^th atom of SO,, HS, or S. 

100 cb.c. of sulphur dioxide solution must not use more 
than 12*5 cb.c. of deci-normal iodine, nor 100 cb.c. of sul- 
phuretted hydrogen solution more than 30 cb.c. of iodine,, 
else the solutions are too concentrated. 

Instead, however, of diluting the solutions, I find it pre- 
ferable to add excess of borax to the sulphur dioxide liquid, 
and excess of sodium acetate to the sulphuretted hydrogen, 
and to titrate at once with iodine. The results are quite 
as accurate as by the other method. 

Centi-normal iodine must be employed for the estimation 
of very small quantities of sulphur dioxide or sulphuretted 
hydrogen. 

Traces of heavy metals may be determined by means of 
the processes just described. (See end of this Section.) 



§ 35. 
Antimony Estimation. 

Antimony trioxide in alkaline solutions is converted 
into pentoxide by the action of iodine. 

Sb^Og + 2I2 + 4NaH0 = SbgO^ + 4NaI + 2H2O. 
(SbOg + 21 + 2NaO - SbO^ + 2NaI.) 

1 cb.c. deci-normal iodine = 7-315 m.gm. Sb^Og = 6-115 m.gm. Sb. 

(Same for old notation.) 

To 10 cb.c. of a tolerably concentrated solution con- 
taining antimony trioxide tartaric acid is added, the 
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liquid is neatraUsed by means of scMlinin carbonate and 
at least 20 cb.c. of a cold saturated solution of sodium 
bicarbonate are added: iodine is then run in until a dis- 
tinct blue colour is obtained. 

This process is applicable to all estimations of anti- 
mony, inasmuch as. after precipitation with sulphuretted 
hydrogen, solution in hydrochloric acid, removal of sul- 
phuretted hydrogen by boiling, and addition of tartarie 
acid and alkaline carbonate, the antimony is obtained as 
Sb-Oj. The process is much to be preferred to the oxy- ' 
dimetric one, which is often employed. Care must be 
taken that sodium bicarbonate be added in considerable 
excess, as the process of oxidation then takes place more 
rapidly. 

§ 36. 
EBtimation of Arsenic and Tin. 

Arsenious oxide in alkaline solutions is oxidised to 
arsenic oxide by means of firee iodine. 

As^Oj ^ 2L -r 4NaH0 = A&.O5 + 4XaI + 2H,0. 
(ASO3 -r 21 -r 2XaO = AsO, + 2XaI.) 
Iodine used x 0-3S977 = AsmO, (same fkctor in old notati(m). 

1 cb.c. iodine = 4*9575 m.gni. AsX>^ = 3*7575 uLgm. As. 

In old notation, 

1 cb.c. iodine = 4*9575 m.gm. AsO, = 3*7575 m.gin. As. 

If the liquid containing arsenious oxide be alkaline, it 
is acidified, and sodium bicarbc»nate is then added in 
excess before titrating with iodine. 

Arsenic oxide may be estimated after reduction to 
arsenious. The reduction may be etlected by conducting 
sulphur dioxide into the liquid, or by boiling the acidifi^ 
liquid with a sulphite. Before titration the liquid must 
Ije boiled until everj^ trace of sulphur dioxide is removed, 
which is known by the fumes giving no blue colour with 
a i>aper soaked in ferric chloride and iM>tassium fern- 
cyanide. 

If arsenious and arsenic oxide exist simultaneously i^ 
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solution^ the former may be (iircctly estimated in one , 
portion of the liquid, while the total arsenious oxide, 
after reduction of the arsenic oxide, may be estimated 
in another portion. 

Arsenic 'may be readily and accurately separated from 
other heavy metals by taking advantage of the fact that 
its sulphide is soluble in ammonium carbonate. By pre- 
cipitating the sulphur from the ammoniacal solution by 
means of silver nitrate, and filtering, an alkaline solution 
of arsenious oxide is obtained, in which the arsenic may 
be determined as already described. Arsenic oxide, if 
present, may be removed by means of magnesia mixture, 
or it may be determined in a second portion of the liquid. 

Mohr has shown that the iodometric estimation of 
arsenic may be more successfully performed in a solution 
containing bicarbonate of potassium than in one contain- 
ing bicarbonate of sodium, but that ammonium carbonate 
is preferable to either. 

Tin in the form of stannous salts may also be estimated 
by dissolving in bicarbonate of sodium in presence of 
tartaric acid, adding starch and titrating with iodine. 
Stannic salts must be altogether absent. 

Iodine used x 0'4646 = tin (Sn). 

Stannic salts may be estimated, after reduction to 
stannous salts, according to § 29. This method is to 
be preferred to the oxydimetric method when ^mall 
quantities of tin are to be estimated. 



§ 37. 
Estimation of Copper and Iodine. 

A method for estimating copper, put forward by De 
Haen, has been known for some years. It consists in 
adding excess of potassium iodide to the slightly-acidified 
solution containing copper, and determining, by means of 
thiosulphate, the amount of iodine liberated. This pro- 
cess is, however, inexact, because, before the decomposi- 
tion has reached completion, part of the iodine combines 
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with copper to form insoluble cuprous iodide. It is, 
therefore, difficult to hit exactly the final point, inasmuch 
as the liquid becomes blue after it has been decolorised 
by means of thiosulphate. 

Copper may be precipitated in the form of cuprous 
iodide from acid solutions, but the completeness of the - 
precipitation depends greatly oh the substance employed 
as a reducing agent. Sometimes ferrous sulphate is 
employed, but the ferric salt formed exerts a solvent 
action on the cuprous iodide. Sulphur dioxide is prefer- 
able ; nevertheless it also dissolves a portion, of the 
cuprous iodide. By using stannous chloride, the copper 
salt is entirely reduoed, the iodide being also perfectly 
insoluble in stannic chloride. The precipitation is ren- 
dered still more complete by the addition of sal-ammoniac. 
The solution of stannous chloride should be tolerably 
concentrated ; it may be mixed with sal-ammoniac, along 
with a few stiips of metallic tin, whereby oxidation is 
prevented. 

After the addition of a considerable quantity of stan- 
nous chloride, potassium iodide mixed with ammonium 
chloride is added until the whole of the copper is thrown 
down. After standing for fifteen minutes or so the pre- 
cipitate is collected on a filter, washed with ammonium 
chloride solution, and brought into a solution of ferric 
sulphate or chloride. 

CiijI, + 2Fea3SO, = SCiiSO^ + 4FeS04 + I,. 
(OujI + 2Fft,033S03 = 2CuOSOa + 4FeOS03 + I.) 

The iodine may be boiled off, and the amount of ferroai 
salt determined by means of permanganate (see § 22); 
or the iodine may be conducted into a solution of potas- 
sium iodide, and determined by means of thiosulphate. 

I cb.c. thiosulphate = 632 m.gms. copp«r 
(eame in old notation). 

Thf jirccipitation of cuprous iodide must be effected in 
\l sohitions, as the salt is somewhat soluble in warm 
'ids containing hydrochloric acid. 

per may be determined by means of this process in 
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the presence of mAny other metak. Mercury, silver, 
bismuth, lead, and antimony more or less interfere with 
the reaction. Silver may be removed by means of hydro- 
chloric acid; mercury by means of stannous chloride; 
lead by sulphuric acid; and bismuth and antimony, 
sufficiently, by neutralising the warm liquid containing 
hydrochloric acid by means of ammonia. 

Combined iodine may be precipitated and estimated by 
means of cupric sulphate, in presence of sal-ammoniac and 
^stannous chloride. 

This method for estimating iodine can be carried out 
in presence of chlorine and bromine; its application 

ill be described hereafter. 

§ 38. 
Estimation of Iron and Iodine. 

Although the oxydimetric method for estimating iron 
t exceedmgly good and accurate, nevertheless it has the 
disadvantage of being somewhat interfered with by the 
I>i:esence of hydrochloric acid. This disadvantage does 
^^ot apply to the iodometric method. Ferric salts are 
"^oduced to ferrous salts by means of potassium iodide : 
"^lius, for ferric chloride the reaction may be formulated. 

FeaCL + 6KI = Fe^l^ + 6KC1 + Ig. 
(FegClg + 3X1 = 2FeI + 3KC1 + I.) 

127 parts of iodine liberated correspond to 56 parts of iron 

(same in old notation). 

In order to carry out the process the ferric salt (free 

ftx)m nitric acid and free chlorine) is brought into the bulb 

'^, Fig. 13. A considerable quantity of potassium iodide 

(free from iodate) is added, along with hydrochloric acid. 

The bulb is then connected by means of non- vulcanised 

(black) caoutchouc tubing with the tube 6, dipping 

beneath the surface of a solution of potassium iodide 

contauied in the reversed retort c. The bulb a is heated 

^ long as the vapours passing into c are coloured. ^ 

^ The bulbs on b and c prevent the liquid in c from rushing baak- 
'^1 yards into a. 
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The contents of the retort are removed to a beaker, and 
the amount of free iodine is estimated by means of thio- 
sulphate: the amount of this salt used multiplied by 0'441 
gives the quantity of iron (same fekctor for old notation). 

Combined iodine may be separated and estimated by 
this process, even in presence of chlorine and bromine. 
Insoluble iodides must be first fused with soda and potas- 
sium oxalate in order to convert them into alkaline iodides. 

The process of distillation may be obviated by boiling 
off the liberated iodine, and determining the amount of 
ferrous salt by means of permanganate. 




Fig. 13. 

Mohr has lately simplified the iodometric estimation of 
iron. He brings the ferric chloride solution along with 
potassium iodide into a flask, which is then closed with a 
glass stopper, and heated in a water-bath for half an hour; 
after cooling, the amount of liberated iodine is determined 
with thiosulphate. 

Kremers and Landolt have shown that ferric salts, after 
being converted into acetate by means of sodium acetate, 
may be reduced by means of sodium thiosulphate ; by 
determining the excess of thiosulphate by means of 
iodine the quantity of iron may be calculated. 

The authors supposed that thiosulphate of sodium was 
less readily acted upon by hydrochloric or sulphuric acid 
when acetic acid was present, hence the reason for adding 
sodium acetate. My own investigations have however 
shown that it is more to the dilution of the liquid than U*^ 
the presence of acetic acid that the non-decomposition ot 
the thiosulphate is to be traced. Further, I have showu 
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that ferric acetate is not so readily, and generally not so 
completely, reduced by means of thiosulphate as ferric 
chloride is. Finally, the presence of acetic acid renders 
it more difficult to determine whether ferric salt is present, 
by means of the sulphocyanide of potassium test, inas- 
much as acetic acid and acetates interfere with the pro- 
duction of ferric sulphocyanide. 

In seeking to perfect a modification of the method 
which should allow of the process being carried out in 
solutions containing hydrochloric acid, I found that the 
decomposition of sodium thiosulphate by hydrochloric 
acid is greatly dependent upon temperature and degree of 
dilution of the liquid. Pure hydrochloric acid of 30 per 
cent strength, when diluted with 10 times its own volume 
of water, exerts no decomposing action upon thiosulphuric 
acid at ordinary temperatures: at any rate, after half an 
hour, no turbidity or deposition of sulphur is noticeable 
in the liquid. The same thing is true of a mixture of 
1 cb.c. deci-normal thiosulphate solution with 1 cb.c. of the 
above-mentioned hydrochloric acid ; but by warming this 
liquid to 40° C, deposition of sulphur soon becomes appar- 
ent. In the reduction of ferric chloride by means of 
sodium thiosulphate, the liquid must not therefore contain 
more than y^jth of its own volume of hydrochloric acid 
of 30 per cent, and the decomposition must proceed at the 
ordinary temperature. 

These conditions may be conveniently fulfilled by 
adopting the following process: — 

To the dilute solution of ferric chloride sodium car- 
bonate is added until a slight precipitate of ferric 
hydrate is produced, hydrochloric acid is then care- 
fully added until all turbidity disappears. Thiosul- 
phate is then added in small successive quantities. 
The liquid should be colourless when the reduction is 
completed; if it assumes a yellowish colour, a few drops 
of hydrochloric acid must be added. In order to deter- 
mine whether the reduction is complete, a very little 
potassium sulphocyanide is added: if a red colour is 
produced, a fittle more thiosulphate is added. The 
sulphocyanide exerts no reducing action on fexi^ ^^^i'^ oi 
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ordinary temperatures^ nor does it influence the subse- 
quent titration with iodine. When the reduction is 
complete, a few drops of starch solution are added, and 
the excess of thiosulphate is determined by means of 
iodine. By deducting this from the total quantity of 
thiosulphate used, a residue is obtained fix)m which the 
amount of iron may be calculated. From the following 
equation — 

2Fe.fi\^ + 4Na2S203 = 2FeS40e + FesCl, + 8NaCl. 
(Fe.,Cl3 + 2NaOS202 = FeOSA + FeCl + 2NaCl). 

it is evident that 1 cb.c. deci-normal thiosulphate corre- 
sponds to 5*6 m.gm. of iron. The reduction is accomplished 
the more rapidly the greater is the excess of sodium 
thiosulphate. This process of iron estimation is verj- 
applicable for dilute solutions of ferric chloride, but can- 
not be used when the solution contains nitric acid. 

The present method is more especially serviceable when 
it is necessary to estimate small quantities of ferric salt 
produced by some chemical reaction from ferrous salt, the 
measurement of such ferric salt serving for the deter- 
mination of the amount of oxidising substance present. 
We shall see in the next paragraph an application of the 
method to the estimation of nitric acid. 

§ 39. 
Nitric Acid Estimation. 

Nitric acid may be very well estimated by the ordinary 
alkalimetric methods, but the following process is even 
more simple. A solution of fen'ous chloride containing 
free hydrochloric acid is converted into ferric chloride 
by means of nitric acid. 

SFcjCU + 6HC1 + 2HNO3 = SFe^Cle + 411 fi + 2N0 
(GFeCl + 3HC1 + NO^ = 3Fe,fi\^ + 3H0 + NOo) 

168 parts of iron converted into ferric salt 

= G3 parts of nitric acid (HNOs). 
In old notation, 

168 parts of ii'on converted into ferric salt 
= 54 parts of nitric acid (NOb). 



I 
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A solution of ferrous chloride perfectly free from ferric 
salt is required for this process. This may be prepared by 
dissolving two or three grams of thin bright iron wire in 
strong hydrochloric acid. The solution is brought into a 
flask fitted with a caoutchouc stopper which carries two 
tubes, one reaching nearly to the surface of the liquid, the 
other merely passing through the stopper. About 0*5 
gleams of the nitrate under examination is weighed into 
this flask, the stopper is placed in position, and a stream 
of carbonic acid free from air is passed through the flask, 
the contents being boiled, until the liquid becomes of a 
pure yellow colour, and the issuing fumes cease to pro- 
duce a blue colour on paper soaked in potassium iodide 
and starch. The liquid, having been allowed to cool in 
the current of gas, is transferred to a measuring vessel, 
and the amount of ferric salt is determined (by one of 
the methods described in the preceding paragraph), in 
an aliquot part, after neutralising the free acid by means 
of sodium carbonate. 

A determination of the residual ferrous salt by perman- 
ganate would also enable us to calculate the amount of 
nitric acid, provided the original amount of ferrous salt 
were known. The iodometric method is, however, more 
direct and more exact. 

As one part of nitric acid is able to convert nearly three 
times its own weight of iron from the state of ferrous to 
that of ferric chloride, the method becomes of great 
service in the determination of small quantities of nitric 
acid. The application to the analysis of well water will 
be found in Part III. 

§ 40. 
Estimation of Mercury and Chlorine. 

Hempel's method for the estimation of mercury is as 
follows : The mercury, in the form of a mercurous salt, 
is precipitated as mercurous chloride by means of hydro- 
chloric acid or common salt. The precipitate is washed 
by decantation, and brought into a glass-stoppered flask. 
A deci-normal iodine solution is added from a xa^a^wrvxi^ 
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instrument, along with potassium iodide, until the liquid, 
after thorough shaking, becomes perfectly clear and the 
colour of dissolved ioddne is apparent. The amount of 
free iodine, is then determined by means of thio- 
sulphate : 

HgaCL, + 2KI + 21 = 2HgL + 2KC1. ^ 
(HgsCl + KI + 1 = 2HgI + kCl). 

1 cb.c. of deci-normal iodine = 20 m.gm. mercury, 
or iodine x 1*5748 = mercury (same in old notation). 

Mercuric salts must be reduced to mercurous by means- 
of ferrous chloride in solutions made alkaline by potash 
or soda. By dissolving the precipitated ferroso-ferric salt 
by means of dilute sulphuric acid, mercurous chloride is 
obtained. 

Mercuric and mercurous salts if simultaneously present 
' in solution, may be determined by estimating the latter 
in a portion of the liquid, then warming another portion 
with ferrous chloride and excess of caustic soda, acidulat- 
ing with sulphuric acid, and filtering oflFthe precipitated 
mercurous chloride when it has become perfectly white. 
The mercurous salt is then determined by the process 
described. 

Combined chlorine may likewise be determined by thij^ 
process. It is only necessary to acidify the solution with 
nitric acid, and to add a solution of mercurous nitrate so 
long as a precipitate forms. The precipitate, after wash- 
ing by decantation, is treated as already described. 

1 cb.c. iodine = 3*55 m.gm. chlorine. 

The solution of mercurous nitrate employed should be as 
free as possible from mercuric salt, and must not contain 
any other metal precipitable by chlorine. If miLch 
sulphuric acid be present, the removal of this acid by means 
of barium nitrate is to be recommended. This method 
gives very good results. The final point of the reaction is 
easily determined. 

^ Mercurous bromide undergoes a similar reaction. 
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§41. 
Estimation of Free Chlorine and Bromine. 

Free chlorine may be estimated, as we have akeady 
«een, by determining the quantity of iron which it is 
atle to convert from ferrous into ferric salt. 

Small quantities of chlorine may, however, be more 
e:xactly estimated by determining the amount of iodine 
liberated by their action. 

A measured volume of the liquid containing free 
chlorine is shaken up with an excess of potassium iodide, 
a.iid the amount of iodine thus liberated is determined by 
means of thiosulphate solution. 

KI + CI = KCl + I. 

Iodine used x 0'2795 = chlorine (same in old notation.) 
or 1 cb.c. thiosulphate = 3*55 m.gm. chlorine. 

ITree bromine may be estimated by an exactly similar 
process. 

Iodine used x 0*63 = bromine, 
or 1 cb.c. thiosulphate = 8*0 m.gm. bromine. 



§42. 

Bstimation of the Oxyacids of Chlorine, Bromine, and ' 

Iodine. 

The oxyacids of chlorine, with the exception of per- 
chloric acid, are decomposed by hydrochloric acid with 
formation of free chlorine and water. The following 
^uations express the reactions: — 

HCIO + HCl = HgO + Clg (CIO + HCl = HO + Cla). 
HCIO. + 3HC1 = 2H2O + CI4 (CIO3 + 3HC1 = 3H0 + ClJ. 
HCIO3 + 5HC1 = 3H2O + Clg (CIO5 + 5HC1 = 5H0 + Clg). 

By allowing the liberated chlorine to react upon potassium 
iodide an equivalent quantity of iodine is set free. The 
solution containing the chlorine acid (or salt) is acidulated 
witli hydrochloric acid, an excess of potassiuxxi \o^\^^ \a. 



added, and tlie liberated iodine is detennined hy means ol' 
thiosulphate. 

If old notation be employed n+J equivalents of libe- 
rated iodine = n equivalents of oxygen in the acid under 
examioation. 

The oxyacids of iodine and bromine may be estimated 
by a similar process. 

This method can only be can-icd out in acid Bolutiuus; 
it does not suffice for the estimation of hypochlorous acid 
in presence of chloi-ic acid, and can, therefore, only be 
applied for the examination of such samples of bleaching 
powder aa are free from chlorates. The method just 
described is especially applicable for the estimation of 
small quantities of the acids under consideration, because 
it is carried out by a direct titration. 

lodates cannot be estimated by oxyiiimetric methods. 
because of the indifference of iodine towards ferrous 
chloride ; by the prewent method they may. however, 
be detennined with exactness. For the examination of 
bleaching powder see Part III. 

S43. 
EBtimation of Combined Iodine. 

I prefer Pisani's above the other methoclH for estimating 
small quantities of combined iodine because it can be 
applied in presence of chlorides and bromides. 

The principle of Pisani's method is as follo^va: If a 
solution of iodide of starch be brought into a neutral 
solution of silver nitrate, the iodide is decolorised, silver 
iodide, and probably iodate, being simultaneously pro- 
duced. The amount of iodide used is proportional to tht 
quantity of silver niti'ate present. If the relation be- 
tween the iodide of starch solution and a silver solution 
of known strength be determined, these liquids may l>e 
employed for estimating iodine generally. 

Field has shown that the iodide of starch solution may 
be replaced by a dilute solution of iodine, to which a little 
starch is added before it is used. A fresh solution need 
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not then be prepared for each analysis. Iodine is deter- 
mined in metallic iodides by this method as follows : — 

About J cb.c. of titrated iodine solution containing 
starch is added to the perfectly neutral liquid containing 
the iodide; titrated silver nitrate solution — ^preferably 
^-normal — ^is added drop by drop until the blue colour is 
destroyed. The quantity of silver required, minus the 
amount needed to decolorise the iodine and starch 
employed, represents the iodine in the compound. 

All substances, such as metallic sulphides, cyanides, &c., 
capable of precipitating silver, must, of couree, be absent. 
Bromides and chlorides, however, exercise no prejudicial 
action, inasmuch as the iodine only is precipitated so long 
as the blue colour remains, and it is only after this has 
been removed that precipitation of chloride and bromide 
of silver commences. 

Another process especially applicable for the estimation 
of large quantities of combined iodine is detailed in § 37. 
Iodine may also be estimated in most iodides by the 
process of § 38. 

§ 44. 
Silver Estimation. 

Small quantities of silver may be very accurately 
determined by reversing the process just described for 
the estimation of combined iodine. For this purpose the 
i^olution, which must not contain more than 003 gram 
silver, is treated with precipitated calcium carbonate, 
whereby excess of acid is neutralised, and the subsequent 
colorimetric change rendered more apparent. Titrated 
iodine solution, containing starch, is then slowly added ; 
the colour at once quickly decreases in intensity, the 
liquid becomes of a yellowish tint, and finally blue- 
grey. When this point is reached the process is finished. 
The amount of silver is calculated. 

The iodine solution should be diluted, so that 50 cb.c. 
precipitate 10 m.gm, of metallic silver. 

Substances which decolorise iodide of starch, as also 
those which are precipitated by iodine, mus\.\)^ a\i^^Ti\,. 
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If large quantities of ailirer are to be estinuited, the 
greater part, perhaps 90 per cent, must be preapitated by 
means of a titrated common salt s(dixtxo& (a pr occa s to be 
explained in Section lY.); the remaind^ maj then be 
determined hj the iodomelarie method. 



§45. 
Eitimation of Chloriiie, Bnmine^ and Iodine in Salts. 

Chlorine, bromine, and iodine cannot be estimated bj 
purely volumetric processes when all three are simal- 
taneonslv present in a solution. Chlorides and iodides^ or 
iodides and bromides, on the other hand, may be volu- 
metrically determined in the same liquid. If, for example, 
a solution contains an iodide and a chloride, the former 
may be determined by decomposing by means of feiric 
chloride or sulphate, free from nitrate, and estimating the 
iodine according to § 38. Or the iodine may be precipi- 
tated in the form of cuprous iodide, and determined as 
directed in § 37. Iodine may be estimated by the same 
method in presence of bromine with good results. No 
good method, however, of separating chlorine from 
bromine has yet been proposed. The analysis of sub- 
stances containing chlorine and bromine, or the three 
halogens, must, therefore, be carried out by indirect 
methods. 

The following process, although indirect and involving 
gravimetric procedure, is nevertheless simple and exact. 

The whole of the chlorine, bromine, and iodine is pre- 
cipitated in a portion of the liquid by means of a measured 
volume of silver solution of known strength ; the precipi- 
tate is collected on a filter and washed ; excess of silver is 
estimated in the filtrate by § 44, or by one of the methods 
described in Section IV. The amount of silver in the 
precipitate is obtained by deducting the excess from the 
total silver added. The precipitate is now dried at 100°, 
ignited and weighed. Iodine is determined in another 
portion of the liquid according to § 43. The iodine is 
calculated to silver iodide, and this is deducted from 
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the total weight of precipitated chlor-brom-iodide. The 
Tveight of chloride and bromide of silver is thus obtained,, 
and the total silver being known, as also the silver com- 
bined with iodine, the silver combined with chlorine and 
bromine is readily found. 

We have thus determined : — 



Total weight of AgCl, AgBr, and Agl . 
Total weight of silver contained in O 

Amount of iodine 

Amount of silver iodide 

Amount of chloride and bromide of silver 
Amount of silver in chloride and bromide 



Q 

8 
I 

9 

G-g = a 



Assuming that the chloride and bromide of silver was 
all in the form of chloride, the amoimt of the chloride 
would be 

AgCl = ^t^^t^ = ^ 1*329 
^ 107-97 

The silver in the chloride and bromide multiplied bj' 
1*329 gives the amount of chloride of silver, supposing the 
whole of the silver to exist in this form; this is subtracted 
from a, and the residue is noted. 

Remembering that the difference between AgBr and 

AgCl = 44*50, and that this corresponds to an equivalent 

of bromine = 80 (contained in a mixture of bromide and 

80 
chloride), then 7^7^ = 1*798 becomes the factor by which 

the difference which has been found between the silver 
chloride and the silver chloride + bromide is to be mul- 
tiplied in order to find the amount of bromine. By 
adding this to jS, and deducting the sum from a, the 
amount of chlorine is found. 

The following example will help to make the calcula- 
tion clearer: — 

The chlorine, bromine, and iodine in a mixture of the- 
potassium salts of the three halogens, are precipitated by 
means of a measured quantity (excess) of silver nitrate 
solution; after filtration the excess of silver is determined 
by means of iodine (§ 44). 

0*6478 grams silver is required for the complete pre- 
cipitation. 
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I 

The mixed precipitate of silver chloride, bromide, and 
iodide weighs 1*041 grams. The iodine, determined in 
another portion of the solution, is found to amount to 
0127 gram; 0127 iodine = 0235 Agl : 1*041 - 0-235 = 
0*806 = weight of silver chloride and bromide. 

The amount of silver in this quantity of silver chloride' 
and bromide amounts to 0*6478 — (0*235 — 0127) = 
0*5398 grams, which, multiplied into 1*329, gives 0*717 
^5 the quantity of silver chloride in the mixed precipitate. 

Then 0*806 - 0*717 = 0089, which multipUed by 
1*798 = 0*160 gram bromine. 

In order, finally, to determine the amount of chlorine, 

we have, weight of silver in the precipitate of silver 

•chloride and bromide ( = 0*5398) + weight of bromine ( = 

016) = 0*6998: by deducting this from the weight of 

mixed silver chloride and bromide, viz., 0*806, we have 

0*1062 as the amount of chlorine. The result of the 

analysis is then — 

0*127 gram iodiue 
0*160 „ bromiDe 
0-1062 „ chlorine. 

Silver bromide may be separated from chloride, in 
a.bsence of iodide, by means of ammonia of 0*98 sp. gravity 
previously digested with silver bromide. Such a solution 
dissolves no bromide of silver, but readily dissolves 
ohloride. This separation is useful when the quantities 
of chloride and bromide are very unequal, and the bromine 
-estimation is the more important. The process may also 
be applied in the estimation of the three halogens as 
follows ; — 

Iodine is distilled off with ferric sulphate and deter- 
mined as in § 38. Iron is precipitated in the residue by 
means of potassium carbonate, and in the filtrate, after 
acidification with nitric acid, chlorine and bromine are 
thrown down by means of silver nitrate. The mixed 
precipitate is washed with ammonia which has been satu- 
rated with silver bromide, and the residue, consisting of 
silver bromide, is dried, ignited, and weighed. 

Chlorine, bromine, and iodine are precipitated in a 
second portion of the solution by means of TVnormal 
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silver solution, the excess of silver being determined by 
iodine ; from the difference between total silver salt and 
silver bromide plus silver iodide, the quantity of silver 
chloride is found, and from this the amount of chlorine is 
calculated. For solutions containing much chlorine this 
process is to be prefered to the indirect method. 



§46. 
Estimation of Traces of Heavy Metals. 

Certain commercial substances, such as citric and tar- 
taric acids, and certain chemical reagents, such as sodium 
acetate, not unfrequently contain traces of heavy metals 
precipitable by sulphuretted hydrogen, too small to 
admit of being estimated by the ordinary gravimetric 
methods. Such minute quantities of heavy metals may 
be determined by adding perfectly pure sodium acetate 
to an aqueous solution of the substance under examina- 
tion, followed by the addition of a measured volume of 
freshly-prepared sulphuretted hydrogen water. After a 
few minutes the excess of sulphuretted hydrogen is deter- 
mined by means of iodine. An equal volume of the same 
sulphuretted hydrogen water is now added, and the liquid 
is again titrated with iodine. The difference between 
the two titrations represents the quantity of iodine cor- 
i-esponding to the heavy metal present. Small quantities 
of lead, copper, zinc, arsenic (as arsenious salt), antimony^ 
mercury, and bismuth may be determined by this method 
with considerable exactness. Care must be taken not to 
add a very large excess of sulphuretted hydrogen water. 
Ferric salts interfere with the accuracy of the method : 
the presence of ferrous salts is immaterial. Oxidising 
acids must be absent. 

The method does not afford absolutely accurate results,. 
but it is of great use in the examination of those chemi- 
cals, or commercial substances, the value of which is 
materially altered by the presence of small quantities of 
heavy metals. 
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SECnOX IV. 

TX f 1 I have insktel npoa die neoesgitT of possessiiig 
^ some means of ditensdmng with accuncy the finil 
point irf'all volometiic rpactiore^ A ooloiimetric indka- 
tion is to Ic* prrfcrred. 

In aDalvses by pnecipitadaQ the possessi<m of sach ft 
means of determining the end of the leacdon becMiies of 
paramoont importance. 

The principle of the analyses to be considered in the 
present secdon is very sads&ctoiy in itself No <me 
doabts the possibility cf ocMn|detehr precipitating silver 
bv means of conmion salt« lead salts bv means of alkaline 
chromates, and copper by means of sodium solphide. 
What padence is^ however, required to enable one to wait 
until the precipitate has completely setded after each 
addition of the standard liquid ! Several years ago I 
described a filter by the use of which it might reaSilv 
1^ determined whether or not the end of the reacdon had 
Ij-een reached. Now, however, I have abandoned all pre- 
cipitation analyses except those the termination of which 
<ran be determined by a sadden change in colour, or those 
which may be used in conjunction with a saturation or 
oxidation method. 

Certain estimations which may be performed by mesuas 
of precipitation analyses, in which, however, the final 
points of the reactions cannot be accurately determined, 
are much better carried out by the aid of other methods. 
It is better, for instance, to determine lead by precipita- 
tion with an alkaline chromate and subsequent oxidation 
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of a ferrous salt by the chromic acid, than by precipita- 
tion with titrated sulphuric acid. 

Conversely, chromic acid is better' determined in potas- 
sium chromate by an oxydimetric method than by titra- 
tion with a standardised lead solution, and so on. 

There are a number of precipitation methods which are 
practically useless, because tney may be replaced by 
ready and very accurate oxydimetric or saturation pro- 
cesses. 

Those estimations, for example, of heavy metals (zinc, 
cadmium, lead, &c.) depending upon precipitation by 
means of sodium sulphide are better altogether done 
away with, because the metals which can be determined 
by this method can also be estimated with greater 
accuracy, and in presence of other metals, by methods 
which have been already described. Sodium sulphide is, 
moreover, a most disagreeable liquid to work with, and 
the final points of the reactions in which it is used are 
often very difficult of determination. 

I have therefore omitted any description of those pro- 
cesses in which sodium sulphide is employed, and have 
contented myself with detailing precipitation methods in 
which a distinct colorimetric change enables us to deter- 
mine with accuracy the final point of the reaction. 

§ 47. 
Estimation of Chlorine and Silver. 

Chromate of potassium precipitates dark-red silver 
chromate from a neutral or slightly alkaline solution of a 
silver salt. From a liquid containing sodium chloride 
^nd potassium chromate, silver nitrate precipitates the 
whole of the chlorine in the fonn of silver chloride before 
the production of any precipitate of silver chromate. On 
these facts Mohr has based a process for the estimation of 
chlorine in soluble chlorides, the neutral solutions of which 
^-re not precipitated by potassium chromate. 

The liquid, if acid, is completely neutralised by addi- 
tion of potassium carbonate. Four or five Olto^^ oi ^ 
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.Vilution of y)Ure jiotassinm ehromate — ^1 : llOi — ue added, 
and nonnal, or dfrci-normal sQver solutdoo. l^ ran in from i 
burfitU: until a jjermanent dark-red precipitate is pm- 
duced.^ 

l*n lAtVi of silver pre»rlpitate 35*5 ports of cJiiDrine. 

Tliif; pro<y^Sf4 is >iest carrie»l out by gaslight; ot, if per- 
fonufA in daylight, the flask containing the solution 
•should hf: placed within a large porcelain basin. 

Thi-s jiroce^s may he applied to the estimation of ehloiine 
in tho?*e metallic chlorides which are precipitate by pouft- 
.sium ohromate ^chlorides of lead, bismuth, barium,"tc.) by 
previously precipitating the warm solution by means of 
an alkaline carbonate, filtering and determining tk 
chlorine in the filtrate. The solution must not ccmtuo 
other metals than those of the alkalies^ and alkaline 
earths with the excejjtion of barium. 

The converse of this process may be applied for the 
estimation of silver, in absence of other metals. It is only 
necessan' to run the neutral silver solution from » 
burette into a measured quantity of deci-normal sodium 
chloride solution until the whole of the chlorine contained 
therein is thrown down as silver chloride. 

If silver has been precipitated as chloride, it may be 
determined by this process by dissolving the precipitate 
in ammonia, precipitating with ammonium sulphide, di^ 
solving the silver sulphide in nitric acid, and after 
neutralising by means of potassium carbonate, titrating 
against sodium chloride. 

The standard liquids may be prepared by dissolving 
')"85 grams of pure, semi-fused sodium chloride (iVth atoro^ 
and 17 grams (t'oth atom) of sUver nitrate, respectively, 
m 1000 cb.c. of water. 

It is sometimes recommended to use pure silver 
instead of the nitrate, and if i-eally pure silver can 
be obtained, it is well to adopt this method. Recent 
^experiments have, however, convinced me that sal- 

^ SolutioDfi wbicli cr>iit'iin ammonia ahould be rendered alkaline 1»y 
^<NUi8 of a imiall excewi of potaBHium carbonate, and CHlcium acetat<^ 
Jntion should llicn be added until the liqiiid is neutral. 
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ammoniac is the best substance for the determination of 
the strength of the standard Uquids. 

Sal-ammoniac can be i-eadily obtained in a state of purity 
by subliming the commercial salt : it must leave no resi- 
due when ignited on platinum foil, nor must it cause a 
turbidity in warm baryta water. Traces of iron may be re- 
cognised by testing the solution with ammonium sulphide. 

A solution of pure sal-ammoniac is made in distilled 
water of a strength such that 20 cb.c. = 0*2675 gram 
NH4C1 = 01775 gram CI: 20 cb.c. of this solution are 
placed in a 150 or 200 cb.c. flask; a few drops of 
potassium chromate, and of pure potassium carbonate 
solutions are added ; the liquid is rendered neutral 
by means of a little acetate or nitrate of calcium, 
and silver solution (prepared as before described) is 
run in until a faint red precipitate is produced. If 50 
cb.c. of silver solution are required, the liquid is exactly 
deci-normal: if a greater or less amount is used, the 
liquid must be adjusted in accordance with the results of 
the titration, and another experiment, similar to that just 
described, must be performed. The deci-normal sodium 
chloride solution is now to be titrated against the 
standard silver. Sal-ammoniac cannot be itself employed 
in the place of sodium chloride as a standard liquid, on 
account of the readiness with which its solution under- 
goes decomposition. 

The method for the estimation of chlorine and silver 
just described is much to be preferred to the old process, 
in which sodium chloride was run in until precipitation 
was complete. 

Silver may be determined in presence of other metals, 
as follows : The whole of the silver is precipitated from 
an acid solution by means of a measured volume — slight 
excess — of deci-normal sodium chloride. To the whole, or 
to an aliquot part of the liquid, pure potassium carbonate 
is added to alkaline reaction; after boiling, the precipitate 
is filtered ofi*, and washed with hot water. The alkaline 
filtrate is rendered neutral by means of calcium acetate 
solution, potassium chromate is added, and the excess of 
chloride of sodium is determined by means of deci-normal 
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silver. K ammonium salts are present, the process is 
modified either by weighing the precipitated silver 
chloride, or by dissolving it, after careful washing, in 
ammonia, adding ammonium sulphide, dissolving the 
precipitated silver sulphide in nitric acid, and estimating 
by the method already described. 

The standard silver solution should be kept in dark- 
coloured bottles. 

§48. 
Estimation of Chlorine in the Ozyacids of Chlorine. 

The methods for determining the oxygen in these acids 
have been described in §§ 25 and 43. The chlorine may 
be determined by reducing with ferrous sulphate, free 
from chlorides, in presence of sulphuric acid, precipitating 
the iron by boiling with pure potassium carbonate, filter- 
ing, and applying the process described in the last para- 
graph to the filtrata 

This process determines the total chlorine in such sub- 
stances as bleaching powder. 

§49. 
Cyanogen Estimation. 

Cyanogen forms a precipitate with silver analogous to 
those produced by chlorine, bromine, and iodine. When, 
however, silver solution is added to the solution of an 
alkaline cyanide, no precipitate is formed until the half, of 
the cyanogen which is present has entered into combina- 
tion with the silver. This phenomenon occurs also in 
presence of metallic chlorides, bromides, and iodides. 
Cyanogen may be determined by adding a little sodium 
chloride to the liquid containing potassium cyanide, 
rendering the liquid alkaline by means of potash, and 
running in centi-normal silver solution until a permanent 
slight turbidity is produced. 

2KCy + AgNOa = AgCy KCy + KNOg 

2 equivalents of cyanogen correspond to 1 equivalent of silver; 
or silver used x 0*4816 » cya.nogen. 
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This method may be applied to the estimation of 
cyanogen in organic substances, such as oil of bitter 
almonds, laurel water, &c. Metallic sulphides, if present, 
must be removed by adding zinc sulphate to the alkaline 
liquid and filtering off the precipitate which forms, before 
titrating with silver. Double cyanides, if present, must 
be decomposed by boiling with mercuric oxide in a solu- 
tion containing potash, filtering, removing mercury by ' 
precipitation with sulphuretted hydrogen, again filtering, 
and precipitating sulphuretted hydrogen by addition of 
zinc sulphate. The filtrate from the last precipitate is 
then titrated with silver solution. 

The presence of certain metals interferes with the exact 
estimation of cyanogen by means of silver solution. 
Mercury, iron, and cobalt compounds must especially be 
removed. Mercury may be removed by means of sul- 
phuretted • hydrogen. Double cyanides of iron may be 
decomposed by the method just described. Double 
cyanides of cobalt are, however, most readily analysed by 
heating in a combustion tube with cupric oxide, and 
determining the carbon dioxide and nitrogen evolved, 
by the methods of organic analysis. 

Cyanides are poisonous when they yield prussic acid on 
distillation with boric acid. 

§50. 
Phosplioric Acid Estimation. 

Phosphoric acid is most readily determined by means 
of a titrated uranium solution. The process is carried 
out in hot solutions containing acetic acid by running in 
the test liquid until a drop of the solution under exami- 
nation gives a dark reddish brown colour when spotted 
on a porcelain slab, in contact with a drop of potassium 
ferrocyanide solution. 

The uranium solution is prepared by dissolving yellow 
uranium oxide in acetic acid. 

A solution of sodium ammonium phosphate 
(Na(NH4)HP0^4H20), a salt easily obtained in a pure 
fitate, is prepared by dissolving 20*9 grams of the 
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salt in 1000 cb.c, of water (old notation, 20'9 grams). 
I cb.c. of this solution contains 7"1 m.gm. of P^Oj 
(7"1 m.gm. POj, old notation). The solution is there- 
fore ii'o-nonnal (deci-normal in old notation). 20 cb.e. of 
this solution are brought into a quantity of very dilute 
acetic acid, the liquid is heated to boiling, the lamp 
is removed, and the uranium solution is run in, five 
drops or 80 at a time — until a drop of the liquid ^ves 
the required reaction -with potassium ferrocyanide, 2 
cb.c. of the gV'Qoi^^ phosphate solution are now added, 
the liquid is again heated to boiling, and carefully titrated 
with uranium solution. The total quantity of uranium 
liquid employed corresponds to 22 cb.c. of jV-uormal phos- 
phate solution. The uranium ^solution is adjusted so 
that it exactly corresponds with the phosphate solution ; 
1 cb.c. is then equal to 71 m.gms. P^Og (71 m.gm, POg 
in old notation). 

The process for the estimation of phosphoric acid is 
carried out in the manner just described : a couple of 
cb.c. of the 5i,-normal phosphate solution may be used for 
determining the exact close of the reaction ; the phos- 
phoric acid in these must of course be deducted from the 
total phosphoric acid found. 

The estimation of phosphoric acid by this process 
demands the absence from the liquid containing phos- 
phoric acid of all bases except the alkalies, aU^line 
earths, and raanganous oxide. All non-volatile or re- 
ducing oi^nic acids, such as citric, tartaric, oxalic, and 
formic acids, must also be absent. The presence of 
sulphuretted hydrogen, sulphurous oxide, hydriodic acid, 
or the acids of arsenic, likewise interferes with the pro- 
cess. The presence of a very large quantity of acetates 
must n.Un br- aviiiili.'i.I. 

A method of .sijpai^tting phosphoric acid &om other 

Jb, and bringing it into a form in which it may be 

linined, will be found in Part II. 

te following iLifMlification of the uranium method 

'» excecdiii^'ly aucurate results. The alkaline or 

» oartli (ibnspliate is dissolved in acetic acid, the 

■juftde ujj tu a. fixed volume (say to 200 cb.c.). 
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and a portion of it is placed in a burette. 20 cb.c. 
of ^V- normal uranium solution are heated almost to 
boiling, with addition of a few drops of acetic acid 
The liquid should remain perfectly clear; if a turbidity 
occurs, more acetic acid must be added. The phosphate 
solution is then run in until a drop of the hot liquid 
ceases to give a reddish-brown colour with potassium 
fen-ocyanide, and the number of cb.c. used is noted. The 
liquid is again heated nearly to boiling, and ^^-iiormal 
uranium liquid is cautiously added from another burette 
until the brown colour is again obtained with ferro- 
cyanide. The number of cb.c. of uranium solution used 
is added to the 20 cb.c. originally taken ; the sum repre- 
sents the amount corresponding to the quantity of phos- 
phate liquid run in from the burette. This process, 
originally suggested by Fresenius for the estimation of 
phosphoric acid in calcium phosphate, possesses two 
distinct advantages over the older method. It is more 
easy to determine the exact termination of the reaction 
by this method; the decomposing action of the alkaline 
acetates is much decreasea ^by ^he great dilution of the 
Hquid, and entirely removed by the device of titrating 
back with uranium solution. This modification may also 
be applied in standardising the two liquids. I have not, 
however, found any appreciable difierence between the 
results and those obtained by the usual method. This 
was doubtless because of the small amount of alkaline 
. acetates present. 

The uranium process is only applicable to estimations 
of tribasic phosphoric acid; the other phosphoric acids 
must be transformed into tribasic acid, by prolonged 
boiling with strong acids, before they can be determined 
by means of this process. 

§ 51. 
Aluminium Estimation. 

The estimation of this metal by volumetric methods 
was until lately a most tedious process. The method 
which I shall describe is a modification of that origin- 
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flily described by me in 1805 (ZeifB. fur Anal. Cheni., 
part 1). 

The acid solution containing aluminium is mixed 
■with sodium acetate; a measured volume — excess — oi 
^-normal phosphate solution (see preceding paragraph) 
is added, and the liquid is heated to boiling. The 
excess of phosphoric acid is then determined, without 
filtration, by means of uranium solution as desciibed 
in the preceding paragraph, and from this the amotmt 
of phosphoric acid con-esponding to the aluminium 
present is found. The aluminium is precipitated as 
AlPO,.4HaO (AlgOs-POJ. Each cb.c. of ,'„- normal 
phosphate solution which has combined with alumin- 
ium = 513 m.gois. AljOg (same in old notation). If 
much iree mineral acid be present in the solution con- 
taining aluminium, it must be neutralised with sodiam 
carbonate, the precipitate which forms dissolved in » 
drop of hydrochloric acid, and a solution of sodimu 
acetate containing acetic acid added. Excess of lime iffl^ 
be removed by precipitation with sodium sulphate; filbv 
tion from precipitated gypsum is not necessary. Snu^ 
quantities of ferric salts do not materially affect the 
estimation. The iron may be determined in anotJiet 
portion of the liquid. Iron, if present in somewhat laige 
quantities, may be removed by adding a little BodinW 
sulphite, boiling, adding considerable excess of eanstjc 
potash, and filtering from precipitated ferroso - ferric 
oxide. Hydrochloric acid having been added to the 
filtrate until the precipitate which forms is entirely w 
dissolved, the solution is mixed with excess of sodiuiB 
acetate. In the event of magnesia being present in 
quantity, it is better to precipitate iron and aluminiuffl 
with ammonium sulphide, and to dissolve the alumina 
from the precipitate by means of caustic potash. ' 

It is necessary to bear in mind that those substancO 
detailed in the preceding paragi-aph as interfering witii 
the estimation of phosphoric acid must be removed from 
stJutioDs in which aluminium is to he determined by the 
uranium process. All bases except the alkalies an^ 
alkaline earths must be absent. 
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Aluminium phosphate is somewhat soluble in alu- 
minium acetate and also in ammonia; but it is quite 
insoluble in excess of phosphates : these salts are present 
in excess in carrying out the process as described above. 
It can be easily shown by experiment that uranium 
acetate does not decompose aluminium phosphate. 

§52. 
Estimation of Magnesia and Manganese. 

These metals may be completely precipitated from 
solutions containing ammonia and ammonium chloride by 
means of sodium phosphate — the precipitates having the 
composition Mg(NH )P0 6H,0 and Mn(NH,)PO,.H,0 
respectively, (2MgO.NH4O.PO6.i2HO and 2MnO.NH40. 
P06.2HO). 

The manganese salt is obtained in a crystalline form 
by boiling the liquid : the magnesium salt is precipitated 
very slowly. If, however, microcosmic salt be employed 
as precipitant, or if the liquid be acidified with hydro- 
chloric acid after adding sodium phosphate, and a con- 
siderable excess of ammonia be then added, the mag- 
nesium ammonium phosphate is precipitated immediately 
and completely.^ 

After washing the precipitates with hot water con- 
taining ammonia, they are dissolved in dilute hydro- 
chloric acid, the liquids are saturated with sodium acetate, 
and the phosphoric acid is determined by means of 
uranium solution. 

1 cb.c. -TO -normal uranium solutioi;i 

= 7*1 m.gm. MnO = 4'0 m.gm. MgO. 
Old notation, 

I cb.c. x^j -normal uranium solution 

= 7*1 mg.m. MnO = 4*0 mg.m. MgO. 

Manganous oxide exerts no influence upon the re- 
action between uranium and ferrocyanide of potassium. 
The ferro- must be perfectly free from ferri-cyanide. 

This method is particularly adapted for the estimation 

iMohr, Zeits.fiir, Avud. Chem,^ XII.,paa:tl. 



r of magnesium, as it is iu the form of amraonium-magnesiom 
I phosphate tliafc this metal is generally separated fi-om Uie 
f alkalies. Manganese ia, however, gener^ly better deter- 
I mined by the oxydimetric process described in § 23, 



Sulphuric Acid Estimation. 

Of the methods which have been published for the 
estimation of combined sulphuric auid, I look upon that , 
of Mohr (described in g 14) and that of Wildenstein, in 
which titration is effected by a standai-ised potassium 
chromate solution, as the best. 

The cii-cumstance that barium chromate is insoluble 
in ammoniacal liquids, in which many other metalUc 
salts are soluble, induced me to make experiments with 
the view of rendering Wildenstein's method of more 
general application. 

It was necessary to find a reagent capable of indicating 
the presence of very small traces of chromic acid, the 
indications of which should not be interfered with by the 

I presence of barium chromate or other salts likely totoJ 

^^K present in carrying out the estimation. ^H^l 

^^H Preparation of Standard lAquids. ^^^H 

^^^ Solutions of potassium dichromate and barium ch^nMI 
are required. These I make -J-normal, so that each cb.c. of 
barium chloride solution is equal to 12-23 m.gm. H^SO^ 
or 10 m.gm. SOg, and ia also equal to 1 cb.c. potassinoi 
dichromate solution. (If old notation be employed, the 
liquids are made i-normal. 1 cb.c. barium chloride 
ia then equal to 10 m.gm. SOg.) 

Potassium dichromate may be prepared free from sul- 
phate by dissolving the ordinaiy salt, along with ranth of 
its weight of barium chloride, in boiling water, filtering and 
crystalUsJng. The crystals are washed with cold watffl, 
and dried first in the water-bath, and thenat200°. About 
40 grams of the pure salt are dissolved in 1000 ob.e. of 
water, and the amount of chromic acid is determined i& ■ 
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10 cb.a of this solation by m^ans of the ferrous sulphate 
and permanganate method described in § 26. From the 
results of this determination the liquid is adjusted so as 
to be J-normal. 

1 cb.c. = 14'525 m.gm. CrOj. 
J-normal in old notation^ then 1 cb.c. = 12.5 m.gm. CrOs. 

The barium chloride solution is prepared by dissolving 
about 30 grams of the recrystallised salt in a little hot 
\^ater acidulated with a few drops of hydrochloric acid, 
pouring the solution into a quantity of water, and making 
up to 1000 cb.c. 

The liquids are then compared as follows : About 100 
cb.c. of water, containing a considerable quantity of am- 
monia (free from sulphate), are heated to boiling, a couple 
of drops of calcium chloride solution (also free from sul- 
phates) are added, in order to precipitate any carbonic 
acid present ; the lamp is removed, and 20 cb.c. of barium 
chloride, and the same volume of potassium dichromate 
solution, are added. The liquid having been again heated 
to boiling is removed from over the lamp, and the di- 
chromate solution is cautiously run in from a burette^ 
with constant shaking, until the supernatant liquid 
appears of a yellow tinge. The number of cb.c. of di- 
chromate run in from the burette, multiplied by 49, gives 
the number of cb.c. of water, which must be added to the 
980 cb.c. of barium chloride solution in order to make it 
of such a strength as that 1 cb.c. shall be equal to 1 cb.c. 
dichromate solution. 

The liquids may also be compared by titrating a solution 
of barium chloride against anotherof potassium dichromate, 
and then determining the strength of the barium chloride 
by precipitating . a known weight of pure potassium sul- 
phate, dissolved in water, and mixed with calcium 
chloride and ammonia> with a measured volume of the 
barium chloride solution, and estimating the excess of this 
salt in the filtrate by means of the dichromate solution. 
The liquids may then be adjusted by a method analogous 
to that described in § 6. This method of standardising is 
to be recommended as a control on the other. 



a. Estmmtlon of SidpKuric Acid in Alkaline SulphMes, 

in absence of all other bases, and of all Acids viUck 
are precipitated by Barium Oklcmde in Alkaimi 
Solutiona (Phosphoric, Oxalic, Tartaric, CHirii 

Silicic, Sulphurous, Olirontic, Arsenious, am 
Arsenic Aeids). 

Wildenstein'a method ia applicable in ita original form, 
The acid solution is saturated with ammoiiia, heated to 
boiling, an excess of barium chloride solution is added, 
and the excesa ia eatimated by means of diehromate Boln- 
tion. The sulphuric acid may be estimated to within 1 
m.gin. of the esact amount. Neither ammonium SflltB 
nor salts of the alkaliea interfei'e with the precipitation 
of the barium chromate. 

It ia very difficult to obtain a solution of ammonia which 
is absolutely free from cai'bonate. Before adding barium 
ehloiide I, therefore, pour a couple of drops of puw 
calcium chloride, or cfJcium acetate solution, into tbfi 
boiling liquid, then remove the lamp, and proceed with 
the titration. 

In determining the final point of the reaction, the 
vessel should be placed upon a white surface, in a position 
where tlie light falls fully upon it. The hotter the liquid 
and the more it ia shaken, the more quickly doea the 
precipitate settle. It is well not to work with more tha» 
150 cb.c, of liquid, which is about the amount used lu 
determining the strength of the standard solutions. 

b. Estvmation of Sulphm-ic Acid in Sulphates of Mag- 

nesium, Zinc, Cadmium, Nickel, Cobalt, im 
Copper, in absence of other bases (eaxept the Alkc^) 
and of the acids mentioned vmder a. 

Inasmuch aa the sulphates of magnesium, zinc, wd 
cadmium are soluble in ammonia containing sal-amnia- 
niac, and as these solutions are colourless, and are not 
acted upon by potasaium diehromate, it follows that the 
sulphuric acid m these three salts may be determined bjf 
the process described under a. It ia only necessary " 
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dissolve in ammonia, add sal-ammoniac, heat to boiling,. 
add a little ohloride of calcium, and proceed as already 
directed. (Silver sulphate may also be examined by this^ 
method.) The results are very accurate. 

Although the sulphates of nickel, cobalt, and copper 
are soluble in ammonia containing sal-ammoniac, their 
solutions are coloured, and hence it is not possible to 
determine with accuracy the final point of the reaction if 
the sulphuric acid be determined by method a. By, 
taking advantage of the formation of a new compound of 
lead chromate with lead chloride it becomes possible to 
determine the point at which sufficient dichromate has 
been added. By adding lead acetate solution to a liquid 
containing sal-ammoniac, potassium chromate, or di- 
chromate and ammonia, a flesh-red precipitate is pro- 
duced. This precipitate is only formed in ammoniacal 
liquids. If a considerable quantity of lead acetate be 
added to a liquid containing dichromate and a little am- 
monia, the ordinary yellow chromate of lead is precipi- 
tated. The flesh-red precipitate has a shade of brown 
in it when it is formed in coloured liquids. 

I am not as yet able to state the exact composition of 
the new salt. If a solution of lead acetate be poured into 
tolerably strong ammonia, free from carbonate, the liquid 
becomes slightly opalescent, but no precipitate is pro- 
duced for some time. If a drop of this liquid be placed 
on a porcelain plate, and a couple of drops of a solution of 
potassium chromate, containing only ^tyuTjuTjth of its 
weight of chromic acid, and mixed with a considerable 
quantity of sal-ammoniac and ammonia, be added, the 
flesh-red precipitate is at once produced. If a couple of 
drops of barium chloride be added to the same very 
dilute chromate solution, and the liquid be boUed, the 
reaction with lead solution just mentioned is no longer 
obtained, but a precipitate of lead chloride only is formed,, 
which shows that barium chromate is not soluble in 
' 300,000 parts of this liquid. 

The presence of considerable quantities of nitrates, of cop- 
per, nickel, cobalt, zinc, cadmium, magnesium, or calcium 
salts does not interfere with the reaction of tti^ dcwoixas^Xfe 
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liquid with the ammoniacal lead solution. Sulphates, 
oxalates, and phosphates, if not present in very laige 
quantities, are also without influence upon tiie leactioiL 
(A method for removing phosphates before the titration 
will be described hereafter.) 

Sulphuric acid may be estimated in the sulphates of 
nickel, cobalt, and copper by dissolving in water acidulated 
with hydrochloric acid, adding sal-anmioniac, a couple of 
drops of calcium chloride solution, and an excess of am- 
monia. The liquid is heated to boiling, the sulphuric acid 
is precipitated by means of a measured volume of barium 
chloride solution, and the excess of this liquid is deter- 
mined by running in dichromate solution very cautiously 
until a drop of the liquid, when spotted on a slab wil^ 
prepared lead solution, gives the characteristic flesh-red 
precipitate. After each addition of dichromate the liquid 
should be well shaken, and allowed to settle for a few 
seconds before it is tested. When the reaction is ob- 
tained, the liquid is again shaken up, and another drop is 
tested with lead solution; if the reaction is again obtained, 
the titration is finished. 

A mere darkening of the lead solution (showing that 
too little ammonia is present) may be disregarded. 

In the case of copper sulphate, the original blue ammo- 
niacal liquid assumes a green tint as the dichromate is nm 
in ; the colour becoming decidedly green when an excess 
of chromate is present. 

I had supposed it possible to base a method for deter- 
mining the end of the reaction on this circumstance, but 
found it impracticable. 

€. Estimation of Sulphuric Acid in presence of the fore- 
going bases, of Aluminium, Chromium, FeiTOUS, 
Manganons, Tin, Mercury, Bismuth, and AivtiffuyMj 
Oxides: also in presence of Oxalic, Chromic, am 
Silicic Acids, the axiids of Arsenic and Phosphorus, 
and in dijfficultly-soliif)le Sulphates. 

In the absence of organic acids yielding a residue of 
carbon on heating, all sesquioxides, as also the oxides of 
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tin, bismuth, and antimony, may be precipitated by the 
addition of sodium acetate to boiling solutions.^ Ferrous 
and manganous salts are precipitated on addition of 
sodium hypochlorite Oxalic acid may be converted by 
the same reagent, in hydrochloric acid solutions, into 
carbonic acid, which may be removed. Phosphoric and 
arsenic acids are precipitated along with the sesquioxides. 
If too small a quantity of sesquioxide be present, it is 
only necessary to add ferric chloride. Chromic acid is 
converted into a chromic salt by adding ferrous chloride 
or by dissolving a little iron wire in the liquid. Sodium 
hypochlorite does not act upon chromic salts in acetic 
acid solutions. 

As none of the precipitates enumerated above contains 
sulphuric acid, this acid may be estimated in the filtrate, 
which can only contain calcium^ in addition to the bases 
mentioned under a and 6. It is not necessary to wash 
the precipitates before titrating the filtrate. The precipi- 
tation may be advantageously carried out in a 250 cb.c. 
flask, which is afterwards filled to the mark with water, 
and from this a measured volume of liquid is withdrawn 
afber the precipitate has settled, and the sulphuric 
acid therein determined by the method described under 
a or &. 

It is to be noted that ferrous and manganous salts 
reduce chromic acid in ammoniacal solutions, the former 
salts being precipitated as oxide, the latter as peroxide. 

1 SiHcic acid may also be perhaps precipitated hei^. The i)resence 
of this acid would prevent the rapid settling of the precipitated 
barium chromate, but would not interfere with the final reaction 
with the lead solution. 

' * In the presence of such quantities of calcium salts as sufl&ce 
to produce a precipitate of gypsum, it is well to add ammonium 
carbonate after precipitating the sesquioxides, &c., and to allow 
the • liquid to remain at rest for a few minutes before filtering. 
This process is also to be recommended in presence of alumina 
and cnromium oxide, unless much ferric oxide be also present. 
Uranium oxide is precipitated by means of ammonia, or by 
sodium phosphate, excess of which is afterwai'ds removed by 
means of ferric acetate. 
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Stannous chloride must be converted into stannic salt 
before precipitating with sodium acetate. 

This method is applicable in presence of mercury. 
Mercuric sulphate is dissolved in hydrochloric acid, and 
the mercury is precipitated by means of ammonia or 
ammonium carbonate; sulphuric acid is determined in 
the filtrate by method a. If mercuric chloride be pre- 
sent along with other metals, the solution is precipitated 
by sodium acetate, and excess of ammonia and ammonium 
carbonate are added. Any manganese which may be 
present is thus precipitated as peroxide. 

DifBcultly-soiuble sulphates are decomposed by boiling 
with potassium carbonate (lead sulphate by digesting 
with sodium bicarbonate or ammonium carbonate), and 
sulphuric acid is determined in the filtrate. Gypsum, as 
also jfreshly - precipitated strontium sulphate, may be 
treated as sulphates of the alkalies. 

d. Estimation of Sulphuric Acid in presence of SuJr. 
phides of the Alkalies, Sulphites and ThiosulphateSf 
also of Cyanogen Compounds of the Alkalies. 

Although sulphites and thiosulphates do not reduce 
the ammoniacal dichromate solution, yet I think tha& 
the estimation of sulphuric acid in presence of these 
salts cannot be exactly carried out by precipitation with 
barium chloride, inasmuch as oxygen is being continually 
absorbed, and the quantity of sulphuric acid as con- 
tinually increased. 

I prefer to add a few pieces of zinc to the solution 
after acidification with hydrochloric acid; sulphurous 
acid is thus destroyed. The sulphuretted hydrogen formed 
may be readily removed by boiling. Ammonia is then 
added, and the liquid is filtered firom precipitated sulphur. 
The filtrate, which contains sulphuric acid and perhaps a 
very little pentathionic acid, is titrated by method a. 

Sulphuric acid may be determined in presence of an 
alkaline cyanide or ferrocyanide by method a. Ferri- 
<;yamdes must, however, be removed before titration. 
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This may be done by acidifying with hydrochloric acid, 
adding zinc, and allowing the reduction to proceed in the 
wann liquid until all colour is discharged; ammonia is 
then added in excess, whereby zinc is precipitated as fer- 
rocyanide. Sulphuric acid is determined in the filtrate. 

e. Estvmation of SulpMiric Acid in presence of Tartai'ic, 

Racemic, and Citric Acids, 

Inasmuch as barium chromate is somewhat soluble in 
these acids, the method of Wildenstein cannot be directly 
applied. 

By adding calcium chloride to the hydrochloric acid 
solution containing sulphuric acid, and alcohol of 95 
per cent to the amount of twice the volume of liquid, 
the whole of the sulphuric acid may be precipitated 
as calcium sulphate. The precipitate is filtered off 
after a little time, washed with alcohol, — if potassium 
tartrate be present, the alcohol should contain a little 
hydrochloric acid, — and sulphuric acid is determined 
therein by method a. 

Gypsum in presence of free sulphuric acid may be 
removed by this process, and estimated apart from the 
free acid. 

§ 54. 
Barium Estimation. 

By precipitating barium with a measured volume 
of normal sulphuric acid, and determining the excess 
of acid as described in the foregoing paragraph, vnth- 
ov;t previous filtration, barium may be very accurately 
estimated. 

The method is especially applicable when all bases 
other than alkalies and alksdine earths are absent. 
Inasmuch as barium may be readily separated from 
other bases by means of ammonium sulphide — ^as we 
shall hereafter see — ^this condition is readily fulfilled. 

Strontium and calcium, if present, are precipitated as 
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sulphates, but as an excess of barium chloride must be 
employed in the determination of the sulphuric add, 
these salts are decomposed thereby on warmings and 
therefore do not interfere with the results. If phosphoric 
or oxalic acid be present, a little calcium chloride is added 
after precipitating the barium with sulphuric add, 
ammonia is then added in excess, and the excess of 
sulphuric acid is determined. 

This process for the estimation of barium is of very 
general application, inasmuch as it may be carried out 
in presence of the alkaline earths. The excess of sul- 
phuric acid is to be always determined by method a of 
the preceding paragraph. 



PART II. 

METHODS OF SEPARATION PRECEDING 
VOLUMETRIC ESTIMATIONS. 
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INTRODUCTION. 



In Part I. we have learned by what processes single 
substances may be determined volumetrically, after 
separation from those bodies which would exert a hurtful 
influence upon the estimation. We have now to describe 
.processes by means of which such separations may be 
carried out. I shall only describe processes of separation 
which I have found, by careful experiment, to be specially 
suitable in volumetric analysis. 

In describing methods of separation I have divided the 
metallic salts into groups, in accordance with their 
behaviour towards sulphuretted hydrogen and alkaline 
sulphides ; and the acids into groups, in accordance with 
analogies of decomposition. I have described methods 
for the separation of the groups, and also methods for 
the separation of the members of each group from one 
another. 

Section I. of the present part is concerned with the 
separation of metallic compounds ; Section II. with that 
of non-metallic compounds. 

It is, however, possible to determine many substances 
volumetrically without previous separation. For instance, 
we have already learned that ferrous salts may be deter- 
mined in presence of all other substances, except those 
which exert a reducing or oxidising action; that sul- 
phurous acid may be determined in presence of acetic, 
sulphuric, or hydrochloric acid ; and that the estimation 
of chlorine may be carried out in presence of sulphates, 
nitrates, or acetates. 

Separation, previous to estimation, need only be adopted 
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wlien substances are present which would interfere with 
the proper carrying out of the method of estimation. 

The group separations may he regarded as a complete 
scheme of systematic analysis ; nevertheless the analyst 
will often wish only to determine one substance present 
along with many others by the quickest and simplest 
method which he can devise. To find, if possible, a 
method for the estimation of bases, without previous 
separation of groups or of single bases, ba,s long been my 
wish, and I believe that the processes described in Section 
II. of the present part will serve this purpose. It is only 
by eiuploying volumetric processes that such a system 
becomes possible. 

I must premise that every quantitative analysis pre- 
supposes a knowledge of all the substances present in the 
substance to be examined. This is especially to be insisted 
upon in practising volumetric methods, inasmuch as each 
substance is detennined by titration of a liquid, and is 
not obtained in'a visible form as in gravimetric analysis. 
False results are not unfrequently obtained because of the 
influence exerted upon the process of analysis by sub- 
stances which are not known to be present. 



r ' 



S 55. SOUTTION OF INORGANIC SUBSTANCES. 133 



SECTION I. 

SEPARATION OP THE BASES PROM ONE ANOTHER. 

. \ 

§ 55. 
Solution of the Inorganic Substances to be Separated. 

T^VERY volumetric process presupposes that the sub- 

stance to be determined is in solution. All sub- > 

stances are not soluble in water. Many substances in- > 

soluble in water are dissolved by dilute or concentrated 
hydrochloric acid at ordinary temperatures : to this class 
belong phosphates, arsenates, and carbonates, most basic 
silicates (solution being attended with separation of 
silica), many metals, metallic sulphides, oxides, &;c. 
Other substances are better dissolved by nitric acid. 
Such are most metallic sulphides, and those metals which 
are not, or not wholly, dissolved by hydrochloric acid. 
Other substances, again, are only soluble in aqua regia. 
Such are platinum, gold, mercuric sulphide, &c. Hydro- 
<jhloric acid and potassium chlorate may often advantage- 
ously replace aqua regia as a solvent. Nitric acid along 
with potassium chlorate exerts a yet more energetic action. 
A considerable number of substances resist the solvent 
fiction of all the reagents mentioned. Many silicates and 
aluminates, alumina, chromium oxide, ferric and stannic 
oxides after being strongly heated, barium sulphate, and the 
haloid silver compounds, belong to this class. Such sub- 
stances are brought into a soluble form by fusion. This pro- 
cess is carried out by heating the finely powdered substance, 
along with three or four times its weight of a mixture of 
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equal parts of potassium and sodium carbonates^ in a 
platinum crucible (porcelain, if substances which affect 
platinum be present), until the mass fuses calmly,.dissolv- 
ing the fused mass in hot water, filtering, acidifying the 
filtrate with hydrochloric acid, and treating the residue 
insoluble in water with nitric acid. Any reduced metal 
present in the residue may be separated, and subsequently 
examined. In many cases filtration may be dispensed 
with, and the fused mass at once dissolved in dilute 
hydrochloric acid. Filtration is indispensable in cases 
where treatment with hydrochloric acid would produce a 
substance insoluble in acids — for instance, in the fusion of 
barium sulphate with sodium carbonate. 

All silicates undecomposed by hydrochloric acid may 
be brought into a fit form for analysis by fusion with a 
mixture of equal equivalents of NagCOj and KgCOj. 
If such silicates contain alkalies they should be fused 
with baryta or lime, or, better, with 3 parts calcium 
chloride and | to 1 part caustic lime. 

Silicates containing but small quantities of alkalies 
must be decomposed by methods which do not necessitate 
the use of very high temperatures, inasmuch as chlorides 
of the alkalies are somewhat volatile at high temperatures. 

As a rule, only monosilicates are decomposed by 
hydrochloric acid, i.e., silicates containing one equivalent 
of silica to one of base. In the zeolites the chemically- 
contained water appears to play the part of a base; by 
driving off the water by means of heat the zeolite becomes 
a bisilicate, and Ls no longer decomposed by hydrochloric 
acid. Generally, then, those minerals which are converted 
by heating into acid silicates are unattacked by acids, 
while basic silicates which i^main basic after heating are 
more readily decomposed by acids after than before heating- 
If it be desired, for instance, to determine the amount 
of alkali in such a substance as lepidolitey which is B^** 
decomposed by hydrochloric acid, it is only necessary ^ 
heat it to redness for some time, in order to obtain it iu ^ 
state in which hydrochloric acid readily attacks it with 
solution of the whole of the alkali. The amount of alk^}^ 
mhy be determined by this method in many of the granit^^^ 
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minerals^ such as epidote, wernerite, idocrasey granite, 
tourmaline, most of the micas, &c. This method for 
determining alkali is applicable to all silicates containing 
no more silica than corresponds with the formula of a 
monosilicate. 

Bisilicates are very frequently decomposed by sul- 
phuric acid after ignition. The alkali in kaolin, for 
instance, may be determined by heating the finely 
powdered substance, and treating the mass with sulphuric 
acid. If this silicate, however, be very strongly ignited, 
it is scarcely decomposed by sulphuric acid. The first 
effect of ignition appears to be the conversion of the 
silica into a less dense form in which it is more readily 
attackied by acids ; but on continued heating the alumina 
is rendered very compact and dense, and becomes insoluble 
in acids. This is also the effect of great heat upon 
chromic and ferric oxides. 

The following process serves for the determination of 
the alkalies in such bi- and tri-silicates as are not entirely 
decomposed by hydrochloric acid {felspar, basalt, &c). 
The mineral is mixed with hydrofluoric and sulphuric 
acids in a platinum basin, and the basin is heated in a 
water-bath imtil its contents are dry (the operation must, 
of course, be carried out under a hood with a strong 
draught). The whole of the silica is thus driven off in 
the form of silicon fluoride, and the alkalies remain as 
sulphates. Another method consists in heating the finely 
powdered substance along with very concentrated sul- 
phuric acid to 200° in a sealed tube. As a part of the 
alkali of the glass is, however, generally dissolved, this 
process is not so exact as the other ; it may be applied 
for the estimation of ferrous salts in silicates. 

A very good method is to fuse one poiiiion of the 
mineral with three or four times its weight of sodium 
carbonate (perfectly free from potash salts), and to estimate 
. potash in the fused mass ; to fuse another portion with 
four times its weight of pure potassium carbonate, pre- 
pared &om the tartrate, and to estimate soda in the 
residue. In order to separate small quantities of soda from 
large quantities of potash the two alkalies are evaporated 
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Spinel, goAnite, corwTidum, as also strongly heated 
sesquioxides (AlgOg, FcgOg, &c.), are but little acted upon 
by alkaline carbonates. They may be decomposed by 
fusion with caustic potash in a silver crucible, a method 
which is also applicable to the analysis of titanmm 
dioxide and tin ore. These sesquioxides are, however, 
most readily brought into a form suitable for analysis by 
^sion with four times their weight of dehydrated borax, 
or potassium bisulphate; the former salt is to be pre- 
ferred.^ 

Those substances, such as sulphur, &c., which are not 
acted on by acids, but are volatilised on heating, may be 
brought into a soluble form by fusion, in a porcelain 
crucible, with 3 parts of potassium nitrate, and 2 parts 
of dehydrated sodium carbonate. This method is also 
applicable to the analysis of chrome iron ore (see 
footnote). 

I can recommend the following method for the solution 
of such metallic sulphides and arsenic compounds as are 
with diflSculty oxidised by acids. 1 part of the mineral is 
mixed with 4 parts of potassium chlorate, 3 parts of 
sodium carbonate, and 2 parts of sodium chloride, and the 
mixture is slowly heated to redness in a porcelain crucible. 
So soon as the mixture fuses quietly, it is allowed to cool, 
and the mass is dissolved in hydrochloric acid, or the 
alkalies are first dissolved out with water. This method 
possesses the advantage of introducing no salt of the 
nitrogen acids into the solution ; the presence of these 
acids interferes with the subsequent manipulations, such 
as passage of sulphuretted hydrogen through the liquid, 
titration with iodine, &c. Sulphur is also quickly oxidised 

'Fusion with borax is not to be recommended for the analysis of 
acid silicates : it may be applied to the estimation of ferrous salts in 
silicates, but the fusion must be carried out in a covered crucible, 
through the lid of which a tube passes connected with an apparatus 
evolving carbon dioxide. Borax is an exceedingly good reagent for 
the decomposition of chrome iron ore. Seven parts of dehydrated 
borax are employed for each part of the ore ; sodium carbonate is 
slowly added during the fusion, until effervescence no longer occurs, 
chromium is finally oxidised by means of saltpetre, and the chromate 
is dissolved out with water. 



^ 



138 A STSTEX OF YQLUMETBIC ANALTSESL 

by this method, which is not the case by the ordinary 
processes of evaporation with faming nitric acid or aqua 
regia. It is well to use double the above quantify of 
sodium carbonate, or in place of this to employ 6 parts of 
a mixture of equal equivalents of sodium and potassium 
carbonates, in the case of minerals rich in arsenic or 
antimony. Mercuric sulphide, as also arsenic and anti- 
mony sulphides, and electron^ative metallic sulphides 
generally, may be very readily analysed by boiling with 
caustic potash, and leading chlorine into the liquid, (ff 
cautiously adding bromine. This method is especially to 
be recommended in the case of mercuric sulphide. If it 
be desired to determine only the metal in arsenic or anti- 
mony sulphide, the mineral is best fused with 3 parts of 
sodium carbonate and 3 parts of sulphur flowers, the 
fused mass is treated with water, which dissolves out all 
arsenic, antimony, and tin, if present, while other metals 
which the mineral may have contained remain behind, 
and may then be oxidised by nitric acid and potassium 
chlorate, or by fusion with oxidising agents. 

.§56. 

DiYision of the Metils into Groups, and Separation of 

these firom one another. 

Before describing the methods for the separation of 
metals into groups, I wiU make a few remarks concerning 
precipitation in general In precipitation by means of 
gases, or reagents in solution, it is ver\' necessary to be 
provided with a means of determining when a sufficient 
quantity of the reagent has been added. Excess of sul- 
phuretted hydrogen is readily detected by the smell after 
closing and shaking the vessel in which precipitation is 
performed. Where this method is inapplicable a few drops 
of the separated liquid must be removed (filtered, if neces- 
sary), tested with a little of the precipitant, and then 
returned to the main liquid. In some cases precipitates 
form verj' slowly. Warming the liquid generally hastens 
precipitation; the presence of other soluble salts aJso some- 
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times aids precipitation. With a small excess of the pre- 
cipitant precipitation is generally sooner complete tnan 
when the exact quantity required for formation of the 
precipitated salt is added. 

The metals are divided into three groups: those not 
precipitable by sulphuretted hydrogen under any cir- 
cumstances; those precipitable by the same reagent in 
alkaline solutions; and those precipitable in acid solutions. 
The first group is divided into two classes, (1) those 
metals which are precipitable by ammonium carbonate in 
boiling solutions, and (2) those which are not thus preci- 
pitated. The second group comprises (1) those metals 
which are precipitated by ammonium sulphide in the form 
of sulphides, and (2) those which are precipitated by the 
same reagent as oxides. The metals of the third group are 
divided into (1) those which are soluble in alkaline sul- 
phides, and (2) those which are not dissolved by these 
reagents. The following table represents the grouping of 
the more important metals : — 



I 


» 


II. 


III. 


NOT PRECIPITATED BY 


PRECIPITATED BY SUL- 


PRECIPITATED BY SULPHURETTED 


BULPHXTItETTED 


PHURETTED HYDROGEN 


HYDROGEN IN ACID 


HYDBOOEN. 


IN ALKALINE SOLUTIONS. 




SOLUTIONS. 


1. 


2. 


3. 


4. 


5. 


6. 

1 


Not preidpl- 

tttodby 

(NH4),CX)3, 

in preaence of 

NH4CL 


Precipitated 

(NHOaCOs, 

in presence of 

NH4CI. 


Precipitated 

as oxides, 

soluble 

in 
Potash. 


Precipitated 

as 
Sulphides. 


Precipitated in 

Acid and 
Alkaline Liquids. 


Precipitated in 

Acid Liquids 

only. 


PotaMimn 
Sodium 


Barium 
StFontinm 


Almnimuin 
Cliromicim 


Manganese 
Iron 


Cadmium 
Lead 




Mercury^ 
Tin 


fi 

1 


AmmoniuiD 


Caloium 




Nickel 


Copper -< 


•S ^.Antimony J 


1 


Biagnesiuin 






Cobalt 


Silver 


|§°o| Arsenic 



a 


1 




Zinc 


Bismuth 


00 

a 


Gold 


3 

^ 






Uranium^ 


j Platinum 

1 


11 



1 In absence of (NHOaCOs. 



2 Partially precipitated m WkftVme>\At^\^. 
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This division of the metals into groups corresponds in 
certain jioints with the division into alkalies, alkaline 
earths, oartlis, &c. I have placed mercury in sub-group 
G, although mercuric sulphide is not sohible in ammonintn 
sulphide, nor indeed in pure sulphides of the alkalies. 
Mercuric sulphide, however, like the other sulphides of 
sub-groiip (I, is dissolved in sulphides of the alkalies in 
presence of caustic potash; but this sulphide, alone of the 
nietallic sulphides mentioned in sub-group 6, is precipi- 
tated fi\-\n such solution on addition of sal-ammoniac. 
This fact presents »is with a method of separating mer- 
cur)' from the metals both of sub-groups 5 and 6, 

The metals mentioned in the foregoing table may be 
-separatoil into groups, in a solution containing them all, 
by til.' fiillowiug process: Sulphuretted hydrogen is 
passed into the waim acidified solution, the precipitate is 
I'olleeted on a filter, and digested with potassium sulphide 
coDtaininj a little caustic potash, whereby the members 
of sub-u'ioiip 6 are dissolved. The filtrate from the first 
precipitate is neutralised by means of ammonia, and 
niiseii with ammonium sulphide; the precipitate, con- 
taining tlie membci-s of sub-groups 3 and i, is digested 
with gentle heating with caustic potash, whereby the 
metais ct' :iub-group 3 pass into solution. By boiling the 
dltnito tVoin group II. with ammouium carbonate, the 
raemKi-s of sub-group 2 are precipitated, while those of 
sub-groii]i 1 remaia in solution. 

Tlu- t' allowing precautions must be attended to in carry- 
ing out diis separation : In acidifying the original edutiou 
the adlition of a large excess of acid must be avoided.^ 
Sulphuretted hydrogen Ls passed through the cold liquid 
until the- latter smells strongly of the gas ; the liqnid is 
^ then ho.iioii almost to boiling, and the passage of the gas 
^ resumed until no further precipitate fonns.^ 

If arsenic, gold, or platinum compounds are present, it 

(ulvisable to add ammonium sulphide instead of passing 

acid shonld not be emploTcd m the acidifying ivagent. 
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sulphuretted hydrogen into the liquid. The metals of 
sub-groups 1, 2, and 6, with the exception of mercury, 
remain in solution, while the others are precipitated. The 
precipitate is dissolved in aqua regia (nitric acid, if 
silver be present), and the sub-groups are separated by 
the process described. The solution containing sub- 
groups 1, 2, and 6 is acidified with hydrochloric acid, 
whereby the members of sub-group 6 are precipitated. 
Phosphoric acid, if present, must be removed after preci- 
pitation of the metals of sub-group 5. In such a case it 
would be necessary to add the filtrate from the precipitate 
obtained by acidifying the solution in ammonium sul- 
phide, to the liquid obtained by dissolving the precipitate 
by ammonium sulphide in aqua regia. 

Inasmuch as nickel sulphide is not perfectly soluble in 
ammonium sulphide, it is advisable to acidify the filtrate 
from the precipitate of group II. with acetic acid, to collect 
any precipitate produced, and to add it to the group pre- 
cipitate.^ The ammonium sulphide employed must be of 
a yellow colour, and must also be firee from carbonates. 
During the filtration of the precipitated sub-groups 3 and 
4 the funnel should be covered with a glass plate to 
prevent free access of air. The presence of ammonium 
chloride aids the precipitation of these metals, and also 
prevents the simultaneous precipitation of the alkaline 
earths. 

Precipitation of the metals of sub-group 2 by mean» of 
ammonium carbonate, should be carried out in boiling 

^ If chromium be present, it is better to add an excess of caustic 
potash to the liquid containing the first four sub-groups, followed by 
the addition of bromine water, and warming. Chromic salts are thus 
converted into chromates. When the liquid has become perfectly 
yellow, nitric acid is added in excess, and the whole is warmed until 
a clear solution is obtained. Ammonium acetate and lead acetate 
are then added, the precipitate of lead chromate is removed by filtra- 
tion, and excess of lead is precipitated in the filtrate by means of 
sulphuretted hydrogen. The filtrate from this precipitate is treated 
as has been already directed. Alkalies must be determined in a 
separate portion of the original solution. Chromic acid is deter- 
mined in the precipitated lead chromate, after washing with nitric 
acid and water, according to § 27. I have found the method given 
above for the oxidation of chromium salts preferable to any other. 
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Non- volatile organic compounds are destroyed by fusion 
-with nitre and soda. Phosphoric acid must be removed 
after the precipitation of those metals which are thrown 
down by sulphuretted hydrogen in acidified solutions. 
In presence of sesquioxides (alumina, ferric, and chromic 
oxides), the removal of this acid presents certain difficul- 
ties. These sesquioxides are precipitated by boiling their 
neutral or nearly neutral solutions with excess of sodium 
acetate. The precipitate does not contain the proto-salts 
of the same metals, if these are present, nor any of the 
other members of the first four sub-groups. Phosphoric 
acid is, however, precipitated along with the sesquioxides, 
more especially in presence of ferric oxide. The precipi- 
tation is carried out by boiling the neutral and somewhat 
dilute solution with excess of sodium acetate. The 
formation of a white precipitate shows that there is not a 
sufficient quantity of ferric salt present ; ferric chloride 
must be added drop by drop until the colour of the 
precipitate becomes reddish-brown. If there be a large 
amount of ferric salts present relatively to the quantity of 
phosphoric acid, it is advisable to reduce the greater part 
to ferrous salts by passing sulphuretted hydrogen through 
the liquid before precipitating with sodium acetate. If 
the reduction should be carried too far, the addition of a 
few drops of chlorine water will serve to oxidise a 
sufficient quantity of the iron. 

The solution in which the precipitation by sodium 
acetate is carried out is best rendered neutral by adding 
ammonia until a slight precipitate forms, and then adding 
a couple of drops of dilute hydrochloric acid. If alkalies 
are to be estimated, ammonium acetate is used as pre- 
cipitant in place of sodium acetate. The precipitate is 
filtered hot, and washed with hot water containing a few 
drops of ammonium acetate until a small portion of the 
washings ceases to leave a residue when evaporated on 
platinum foil. 

Aluminium and phosphoric acid may be determined in 
the precipitate by sodium acetate by means of the 
following process. 

The addition of ferric chloride during the precipita- 
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tion has tjf course rendered an eatimatioD of iron in this 
precipitate useless. Iron may, however, be readily deter- j 

■ mined in presence of phosphoric acid by § 19. i 
5"- The precipitate is dissolved in hydrochloric acid, ferric 
^i" salts ai-e reduced by addition of potassium sulphide or i 

■ sodium sulphite, and considerable excess of caustic potash ' 
t - 18 added. The whole of the iron ia thus precipitated, while ■ 
p. ; phosphoric acid and alumina remain in aolutiou. If it be 

■ ,' not desired to estimate phosphoric acid, hut only to I 

remove it, this may be effected by adding baryta water ' 
and filtering. The precipitate is washed with hot water , 
containing caustic potash, and alumina ia determined in ' 
the filtnitr riccording to § 51. If it be desired to estimate 
the ph('-^]'li"iic acid, the iron must be filtered off after 
precipit^iiiiii. the phosphoric acid thrown down in the i 
filtrate by inLans of baryta water, and the barium phos- 
j^te determined by g 50. 

In the event of chromic oxide being present, the pre- 
'ibttAte by sodium acetate is treated as described, only in 
e of adding baryta water, the alkaline filtrate ia boiled 
g with .soiiium hypochlorite or bromine, until the 
Eomic salt is converted into chromic acid. Barium 
ioride is then added, and the precipitated barium 
romate (containing phosphate) is determined according 
^ ^ 2G and 27. If phosphoric acid is to be determined 
a presence of chromium and aluminium, sodium sihcate 
aOlutioD i.s added after conversion of the chromic salt into 
chromic a^'id, whereby aluminium silicate ia thrown down 
free from phosphoric acid. This precipitate is dissolved 
in hydrochloric acid, the solution is evaporated to dryness 
to render siHca insoluble, and after taking up with hydro- 
chloric acid the alumina is determined by § 50. The 
alkaline filtrate from the precipitate of aluminium silicate 
fcia ueuti-alifled with hydrochloric acid, magnesia mixture 
gnesium chloride with sal-ammoniac and ammonia) ia 
', followed by addition of ammonia; the liquid is 
i to boiling, wie double phosphate of mt^esium and ■ 
faonium \vhich precipitates is filtered off, washed with | 
" 'a water, and phosphoric acid is determined therein 
{ to S 50. 1 
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The chromic acid in the filtrate may be determined at 
once by § 26, but it is better to precipitate by means of 
barium chloride, and determine by § 27. 

Uranic salts, if present, are reduced by means of copper 
turnings. The solution is poured off along with any 
small quantity of uranic phosphate which may have 
precipitated, saturated with caustic potash, whereby 
uranous oxide is thrown down, filtered, and phosphoric 
acid is determined in the filtrate. 

If those metals which are precipitated by ammonium 
sulphide (sub-groups 4 and 5) are alone present along 
with phosphoric acid, a separation of the acid may be 
effected by means of ammonium sulphide; after filtration, 
phosphoric acid is determined by means of magnesia 
jnixture. This method of separation is available also in 
presence of alkalies — ^not in presence of magnesia — or of 
the metals of sub-groups 2 and 3. 

It is necessary that chromium should be converted into 
ehromate and entirely removed before the members of 
sub-group 1 can be estimated. This may be done by the 
method described, or by gently warming the liquid with 
strong nitric acid in a porcelain crucible, and adding 
successive very small quantities of potassium chlorate 
(the crucible may be covered with a funnel) ; when the 
oxidation is complete, potash is added in excess, the 
liquid is filtered, any dissolved alumina precipitated by 
addition of sal-ammoniac, and chromium precipitated in 
the filtrate. Lead, if present, may be also precipitated as 
ehromate by acidifying with nitric acid and adding excess 
of sodium acetate ; the whole of the chromic acid may 
be thus eventually thrown down in the form of lead 
ehromate. 

§58. 

Separation and Estimation of Bases of the First Group 
(Potassium, Sodium, Ammonium, Magnesium). 

These four metals, if present together in solution, may 
be determined by the following process: A tolerably 

K 
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concentrated solution of caustic baryta^ ia added in 
excess, and the liquid is boiled for some time. Am- 
monia is thua driven off, and may be determined by § 11. 
Magnesia ia precipitated; after wasbing and dissolving in 
sulphuric acid, it may be deteimiued by § 52. 

The filtrate fi-om precipitated magnesia ia boiled, and 
excess of baryta is precipitated by means of sulphuric 
acid. The tiltrate is evaporated, after addition of a little 
pure sulphuric acid, in a weighed platinum dish, the dry 
i-esidue is heated to incipient redness for some time (a- 
piece of ammonium eai'bonate being held in the crucible}, 
and the whole ia weighed. The sulphates of potaaaiunfc 
and sodium are then dissolved in water, and the amount 
of sulphuric acid is determined in these salts by titration 
with barium chloride aolution, according to g 53. 

By deducting the weight of sulphuric acid (SO-) fro**' 
the total weight of the two sulphates, the weight '^ 
potash and soda (K^O and Na^O) is obtained. 

84'2 parta K^O require 811 parts SO, to form KjSO,; 
Old QotatioD, 

47! require 40 to form KOSOj. 

G2 parts Na^O require 80 parts SO3 to form Na^SOj ; 
Old notation, 

31 require 40 to form NaOSOj. 

The unknown amount of potash (3S) and the unknot'' 

amount of soda (■y) must be united with . x and == - 

94'2 bz 

parts sulphuric acid (SO3). 

If G = total weight of sulphates, then 



Or if the constant factors be reduced to decimal fractioi*^ 
then 

G=j'+,i/ + 0-B5j;+l-29y. (1) 

1 This muBt be free from alkalies. After precipitation with pa** 
solpharic acid, the (iltiiite most leave uo appreciable residue wb^ 
evaporated on platinum. 



I 
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-As the total weight of potash and soda is 

^+y=G — SO3, (2) 

the values of x and y may be calculated from equations 
(1) and (2) thus— 

T, , 1-85. SO3— 0-85 G 

For soda, ^ ^;|g^^^ , and 

For potash, x= G — (SO3 + y). 

An example will make the process of calculation more 
apparent : — 

Let the total weight of potassium and sodium sulphates 
l>e 1*581 grams = G ; let the amount of sulphuric acid 
•(SOg) found by titration be 080 gram, then the amount 

of soda (NaP) is y = — — — 0-^337^' = ^'310 grams, 

^ud the amount of potash (Kfi) isx = 1*581 - (0*80 + 0310) 
=== 0*471 grams. 

Adding these quantities to the number expressing the 
Amount of SO3, we get 1*581, which corresponds with the 
^otal amount of sulphates originally found. (If old nota- 
tion be employed, the same factors hold good for the cal- 
<5ulations.) 

The following process serves for the determination of 
potash, soda, and magnesia, if it be desired to determine 
these only : The solution containing these three sub- 
stances along with ammonia is evaporated to dryness 
with sulphuric acid ; the residue is gently ignited and 
Weighed (KgSO^Na^SO.MgSO^). It is then dissolved in 
Water, and the whole 01 the sulphuric acid and magnesia 
^ve precipitated by means of clear baryta water, in the 
boiling liquid. The precipitate is washed with boiling 
Water, dissolved in a measured volume of hydrochloric 
^id, and the magnesia titrated by means of ammonia. 

A little sulphuric acid is added in order to precipitate 
^Uy baryta which may be present. If a considerable 
precipitate be obtained, it is collected and weighed ; the 
^lUount of baryta is to be calculated to magnesia, which 
^s then to be deducted from the magnesia found. Barytti 
^8 removed from the filtrate by means of carbonic acid, 
^^d, after filtration, potash and soda are detexaivckfei V^ 



titration with hydrochloric acid. From the amount uf 
' hydrochloric acid used, the amount of SO3 formerly 
hined with K^O and Na^O may he determiued- 
Tho following data have now been determined :— 

(1.) Weight of aulpliutes of potassium, aodium, ajid mRgiieduin 

{by direct weigliiugB). 
(2.) "Weight of niagntaia (calculated). 
(3.) Weight of putaeaium salphate and sodium sulphate («!' 

eulated). 



(4.) Weight of potasli ami soda — 



:jO aud Na,0— conibiiiri 
■with aulp'liuric acid — SO3 — ^(cuEcukted). 

The amounts of potash and soda respectively preaent io 
[ the original substance may be calculated from (3) aod (*) 
by the method already explained. 

In the foregoing processes magnesia has been precipi- 
tated as hydrate; this precipitate is not easy to filter and 
I wash on account of its being gelatinous, If the amount 
f of magnesia exceed 0'25 gram, I am in the hahit of 
precipitating by means of ammonium phosphate from the 
solution containing ammonium chloride and ammonia, 
and determining according to g 52. If it be desired to 
estimate potash and soda in the filtrate after precipitati^ 
magnesia in this form, phosphoric acid must be firat of bS 
removed by acidifying with acetic acid and boiling with 
a little ferric chloride. The filtrate may then be evapo- 
rated to diyness with sulphuric or hydrochloric acid, A 
mixture of potassium and sodium chlorides may 1* 
analysed by the indirect method, after ignitioa to remove 
all volatile substances, by determining the total wei^l. 
and then titrating with silver according to § i7. 

This method of determination possesses many advan- 
tages over the determination as sulphates. It is not at 
all easy to obtain neutral sulphates by evaporation witb 
sulphuric acid ; there is less danger from spirting i" 
evapomting with hydrochloric than with sulphuric atii> 
and the estimation of ciilorine by means of silver is i* 
most accurate process, aud necessitates no iiltration sS^ 
the mixed chlorides have been once obtained. Sulphurio 
and phosphoric acids may also be readily removed by 
precipitation with barium chloride and removal of 
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of barium by means of ammonium carbonate. The 
fuethod dependent upon the transformation of the salts 
into sulphates is to be recommended only when a solid 
substance containing potash, soda, and magnesia has to be 
examined, inasmuch as magnesium chloride cannot be 
obtained perfectly dry without loss of chlorine. If mag- 
nesia be absent, or can be readily removed by means of 
sodium phosphate, then the other method, in which the 
potash and soda are converted into chlorides ^ (after re- 
moval of phosphoric and sulphuric acids), is preferable. 

Indirect methods of analysis can only be applied to the 
examination of pure substances, and in cases where the 
substances to be estimated are present in something like 
equal quantities. In the case of potash and soda the 
amount of one of these bases must not, at the utmost, 
exceed that of the other by one-fifth part. 

It is often necessary to separate potash from soda : this 
may be best done by precipitating the former in the form 
of tartrate. (See § 12.) The soda may be precipitated 
in the filtrate by addition of hydrofluosilicic acid, or it 
may be converted into chloride by evaporation with 
hydrochloric acid. Magnesia must have been previously 
removed by means of caustic baryta or ammonium phos- 
phate. Acids other than hydrochloric, nitric, and acetic 
must be absent. Ammonia, if present, must always be 
determined in a separate portion of the liquid, either by 
boiling with caustic baryta and estimating the ammonia 
evolved, or by boiling off ammonia and applying the 
process described in the last part of § 11. 

§59. 

Separation and Estimation of Bases of the Second Group 
(Barium, Strontium, and Calcium). 

The separation of barium from strontium and calcium 
is a matter of no great difficulty. 

The solution containing the three bases may be boiled 
with a mixture of 1 part sulphate and 2 parts carbonate 
of potassium, whereby barium is entirely precipitatied ^& 



* 



sulphate, which is insoluble in hydrochloric acif], while 
Btronfcium and calcium are precipitated as carbonatea 
which are soluble in the same acid. The barium sulphate 
may be collected and weighed. The bases may be deter- 
mined by a purely volumetric method by precipitating all 
three as carbonates by means of ammonium carbonate 
and ammonia, in presence of much aninionium chloride, 
and addition of sodium acetate to a hot solution, dissolv- 
ing the precipitate, after washing, in a measured quantity 
of normal hydrochloric acid, boiling off carbon dioxide, 
dividing the solution into two equS parts, titrating one 
part with half-normal ammonia until neutral, precipitating 
the other half with a mixture of 1 part sulphate and 2 parts 
carbonate of potassium, dissolving the pi'ecipitateil 
strontium and calcium carbonates in a measured quanti^ 
of normal hydrochloi'ic acid, and determining excess w 
acid by means of haif-normal ammonia. The difference 
between total acid required to convert the three car- 
bonates into chlorides, and that required to convert the 
strontium and calcium carbonates only into chlorides, 
gives the amount of acid corresponding with the quanti^ 
of barium carbonate in the lirst precipitate. From tiw 
the amount of barium is readily calculated. 



BaC03+2HCI - BaCla+H^ + CO,. 
(BaOCOj+ HCl = BaCl+HO + COj.) 



ijf barium and strontium, or barium and calcium, only 
are present, they may both be determined by the pre- 
ceding method. 
Barium may be easily separated from calcium and 
Mtrontium, and also determined, by precipitation as chro- 
matc in a solution containing ammonia and sal-ammoniac< 
(See § 27 or .54.) 
Hydrofluoailicic acid is also applicable for the sepsn- . 
tion of barium, but the metal cannot be thus determined 
volumetrically. 
The separation of strontium from calcium is a matter of 
very considerable difficulty. 
Stromeyer's method consists in evaporating both sub- 
stances to dryness, with addition of nitric acid. This, 
k m 



process miiat be repeated until all chlorine, if any were 
originally present, is removed. The residue is treated 
■with abeolute alcohol containing a little ether; calcium 
nitrate aloue goes into solution. This method does not 
yield altogether accurate results. 

The method of H. Rose is preferable, but more tedious. 
It is based on the fact that strontium sulphate is insoluble 
in a concentrated solution of aninioniiuu sulphate, while 
eaJcium sulphate is slightly soluble in this liquid. The 

method necessitates the use of very large quantities of 
liquid, and the presence of so much ammonium sulphate 
interferes with the subsequent precijutation of calcium. 
The method is scarcely applicable for the separation of 
much calcium from a small quantity of strontium ; its 
i-esults are most reliable when it is desired to separate 

i small quantity of calcium salt from a considerable quan-_ 
tity of strontium salt, but not to determine the former/ 

I A concentrated solution of the two salts is poured into h. 

, liquid prepared by dissolving 1 part of ammonium sul- 

fihate m 4 parts of water ; this liquid must contain at 
east fifty times as much ammonium sulphate as there is 
t»lcium, calculated as sulphate, in the original solution. 
The precipitate is collected, washed with a concentrated 
solution of ammonium sulphate, and either ignited and 
weighed, or decomposed by boiling with potassium car- 
bonate, and the amount of strontium carbonate so pi-o- 
duced determined by alkalimeti-ic methods. 

The following process is baaed upon my own experi- 
ments: The two bases are precipitated in ammoniacal 
solution by means of an excess of ammonium oxalate; the 
precipitation is cairied out either in hot or cold solutions, 
preferably in the latter if magnesium salts are present. 
Barium, if present, is removed, in the form of ehromate, 
previous to addition of ammonium oxalate. Strontium 
oxalate is easily and completely decomposed by potassium 
^ carbonate, even in presence of potassium oxalate ; this is 
not the case with calcium oxalate. 

A mixture of 4 equivalents of potassium oxalate with 
S ei^ivalents of potassium carbonate is without action upoi 
— '~ — 1 oxalate, but brings about the complete converaiai 
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of strontium oxalate into carbonate. A solution containing 
such a mixture is prepared by dissolving equal parts of 
crystallised oxalic acid and potassium carbonate in a 
little hot water, boiling off all carbon dioxide, adding 
IJ times the original quantity of potassium carbonate, 
and diluting. 

The direct addition of the full quantity of potassium 
carbonate to the oxalic acid is liable to lead to the 
formation of bicarbonate, and should not therefore be 
practised. A little more than 2 J parts of potassium car- 
bonate to 1 part of oxalic acid may be employed, but the 
proportion should not exceed 3 to 1. The aiddition of a 
small quantity of ammonia is to be recommended. A 
quantity of this solution, containing at least 5 times is 
much oxalic acid as the sura of the calcium and stitintiiiis 
present, must be employed. The precipitated oxalatw 
are boiled with this liquid for five minutes, the soIutioiL is 
tjltered off, and the precipitate ia washed until the filtrate ■ 
eeaaea to render turbid a solution of calcium acetate. The 
precipitate is now transferred to a beaker, strontium car- 
bonate is dissolved by means of dilute acetic acid, aod 
determined in the solution by§ 8. Calcium is determined 
in the residue as oxalate according to g 21. (Barium a.oi 
lead oxalates behave towards potassium carbonate in l^e 
same manner as strontium oxalate.) 

I have lately modified this process by boiling the pe- 
cipibated and washed oxalates of strontium and caleiuin 
with a concenti'ated solution of potassium sulphate for 
five minutes, filtering, washing with hot water, and deter- 
mining oxalic acid in the filtrate, after acidification with 
sulphuric acid, according to § 20. The amount of ox&lic 
acid found is proportionate to the amount of strontiiini 
present. The calcium oxalate in the residue is now dis- 
solved by gentle warming with dilute hydrochloric add, 
and the amount of oxalic afiid is again determined after 
filtering from undissolved strontium sulphate. From the 
Hccond quantity of oxalic acid found tlie amount of 
calcium is calculated.^ 

' Tlie fact that atrontium sulphate is insoluble ia potassium anl- 
jjhate Bolutioti, while calcium eulpliate is slightly disBolved hy tbiti 
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If it be desired to estimate calcium only in presence of 
strontium, the solution may be boiled for a few minutes 
after addition of a considerable quantity of solid potas- 
sium sulphate, along with a little ammonium oxalate, and 
ammonia sufficient to bring about an alkaline reaction ; 
the precipitate, after filtration, may be heated with 
hydrochloric acid, and the calcium oxalate which is 
thereby dissolved may be determined without filtration 
by titration with permanganate (§ 21). 

Barium, strontium, and calcium may be determined by 
an indirect method. They are precipitated as carbonates, 
the barixun is determined, and simultaneously separated 
as sulphate, by means of two titrations as explained in 
the first part of the present paragraph. Strontium and 
calcium are again precipitated as carbonates in the liquid 
freed from barium, and weighed. From this weight, and 
from the quantity of acid required for their saturation, 
' the amount of each may be calculated by the help of the 
table in the appendix. This method is only applicable 
'when the carbonates of strontium and calcium are obtain- 
able in a perfectly pure state, and when the amount of 
either does not exceed that of the other by more than 
one-fifth part. 

§ 60. 
Separation and Estimation of Bases of the Third Oroup 

(Aluminium and Chromium). 

To the solution caustic potash is added, in quantity 
sjufficient to redissolve the precipitate which forms, 
bromine water is added, and the liquid is boiled. Chromic 
oxide is thus converted into chromic acid, which is pre- 
cipitated from the alkaline liquid by addition of barium 
cmoride, and determined by § 26. (Any phosphoric acid 

liquid, may be applied to the qualitative separation of the two 
Hietals. It is only necessary to boil the solution containing calcium 
*tnd strontium salts after addition of a considerable quantity of solid 
potassium sulphate, and to test the filtrate for calcium by addition 
of ammonia and ammonium oxalate. The whole of the strontium 
remains in the precipitate. 
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preaent is precipitated along with the barium chrom&te.) 
Aluminium is determined in the filtrate by § 51 without 
previoaa removal of barium. 

Chromic acid may be determined in presence of 
chromic oxide by precipitating the former in a cold solu- 
tion containing acetic acid by means of a lead salt. 
Chromic oxido is determined in the filtrate by the 
foregoing method, \ 

cTiromic acid is separated from acids which exert an 
oxidising actiou upon ferrous salta by precipitation at> 
lead chi'omate in solutions containing acetic acid, or as I 
barium chromate in alkaline solutiona. 

Minerals containing chromium are beat decomposed by 
fusion with borax, with successive additions of soda and 
nitre. Any alumina is removed from the aqueous solu- | 
tion by addition of ammonium chloride, and chromic acid 
is precipitated and determined as barium chromate in the , 
filti'atu. 

§61- ; 

Separation and Estimatioa of Bases of the Fourth Qronp 
(Uranium, Iron, Zinc, Uanganese, Nickel, and Cobalt). 

The members of the third group are precipitated along 
with those of this group, but the former go into solution 
on treating tlie precipitate with concentrated caustic 
potash. 

Uranium may be separated from the metals of the . 
second, third, aud fourth groups, and determined, by pre- 
cipitating witli a raixtui-e of ammonium sulphide and 
carbonate, filtciiug, strongly acidifying the filtrate with i 
niti-ic acid, boiling for some time, and after filtering from 
evaporated sulphur, applying the process given in § 50, 
"" } precipitation by means of ammonium carbonate and , 
jhide must be carried out in cold solutions ; the pre- 
^tate shoidd be allowed to settle before filtration, and 
mid be washed several times with the reagents used 
r precipitatittn. If it be desired to precipitate uranium 
I sulphidt! along with the other metals of the fourth 
nup, colourless ammonium sulphide, free from carbonate, i 
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must be employed as precipitant; the addition of sal- 
ammoniac is. also to be recommended. 

If the metals of the group now under consideration 
have been precipitated as sulphides (the metals of the 
third group, as also uranium, are supposed absent), they 
may be separated by dissolving the precipitate in aqua 
regia, or in hydrochloric acid if nickel and cobalt are 
absent, measuring the volume of liquid, determining iron 
in an aliquot portion after reduction of ferric to ferrous 
salts by means of pure zinc (§ 19), and treating the 
remainder of the liquid as follows : The iron salts are 
completely oxidised by boiling with nitric acid, the solu- 
tion is boiled with addition of ammonia and ammonium 
acetate until the precipitate settles readily ; after filtra- 
tion, washing of the precipitate with hot water, and 
addition of a few drops of acetic acid, zinc is precipi- 
tated by means of sulphuretted hydrogen gas. (If the 
precipitated zinc sulj)hide is gray-coloured — from presence 
of nickel sulphide — it must be dissolved in hydrochloric 
acid, and re-precipitated as sulphide after addition of 
sodium acetate, the filtrate being added to that formerly 
obtained.^) The precipitated zinc sulphide is determined 
according to § 30. The filtrate from the precipitate of zinc 
sulphide is saturated with ammonia — if any precipitate 
form,it is to be dissolved by addition of ammonium chloride, 
— ^gently warmed, and manganese precipitated therein as 
manganese-ammonium phosphate, by addition of micro- 
cosmic salt. If much cobalt be present it is necessary to 
dissolve this precipitate in hydrochloric acid, and repre- 
cipitate by means of ammonia along with phosphoric acid. 
(Henry.) Manganese is deteimined in this precipitate by 
the method described in § 52; or manganese, cobalt, and 
nickel may be precipitated together as sulphides by the 
addition of ammonia and ammonium sulphide to the filtrate 
from the zinc sulphide; the precipitate may be digested 
with acetic acid, whereby manganese only goes into solu- 
tion. From this solution manganese may be thrown down 

^ If formic acid be employed in place of acetic, the precipitated 
zinc sulphide is quite free from nickel sulphide. — Delffs, 



as peroxide by addition of eodiuin Lyjjuchlorite, and deter- 
mined according to § 23. The sulphides of nickel ami 
cobalt are dissolved in aqua regia, and determined accord- 
iDg to § 24. 

A convenient method consists in adding excess ot 
ammonium carbonate to the solution cODtaining the three 
metals, precipitating cobalt and nickel by sulphuretted 
hydrogen gas, filtering, acidifying with hydrochloric or 
acetic acid, and precipitating the manganese as phosphatt! 
or peroxide. Manganese may also be separated from 
nickel — but not from cobalt — by boiling the solution of 
the three metals, containing acetic acid, after addition rf 
bromine. 

The method described in § 24 for the separation ot' 
<!oba]t and nickel is the most to be recommended for the 
purposes of volumetric estimations. 

Stromeyer and Fischer's method is also applicable. lu 
this method the cobalt is precipitated in the form of 
potass ium-co bait nitrite by the addition of potaaaum 
nitrite to the solution containing acetic acid; after stand- 
ing twenty-four houra the precipitate is collected, washed 
with potassium acetate solution, and boiled with caustie 
soda or baryta (not with potash), whereby the whole of 
the cobalt is precipitated as CooOj, in which foini it may 
be determined by oxydimetric methods. Nickel may bs 
precipitated and determined in the filtrate by means of 
bromine and potash. 

This method of separation has been shown by Qaahe 
to be very accurate ; it may also be employed for the 
separation of cobalt from manganese and zinc. 

The separation of the members of the present group 
becomes less complicated when cobalt and nickel an 
absent. Iron is determined in a portion of the aoluticm; 
the remainder is boiled with sodium acetate, the predpi- 
tated ferric oxide is filtered off, and the filtrate is mixM 
with a large excess of ammonia and microcosmic s^ 
whereby the manganese is completely precipitated, whilf 
the zinc remains in solution. The precipitate is wflah«i 
with ammonia, and the manganese determined by the 
method already described. Zinc is determined in tbc 
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filtrate as sulphide ; or manganese may be precipitated as 
peroxide in the solution after throwing down ferric oxide, 
by addition of bromine, care being taken that acetic acid 
is present in excess. 

^ Ferrous and ferric salts, if existing together in a solu- 
tion, may be determined by titrating a portion of the 
liquid with permanganate, reducing ferric to ferrous salts, 
determining the total iron in another portion, deducting 
the iron existing as ferrous salt, and calculating the 
i^mainder to ferric. 

If it be desired to determine ferrous and fenuc oxides 
in a silicate, the mineral is preferably decomposed by the 
method of A. Mitscherlich, which consists in heating the 
finely-powdered substance along with three times its 
weight of concentrated sulphuric acid, diluted with 1 part 
by weight of water, in a sealed tube of hard glass to a 
temperature of 200° for a couple of hours ; or the mineral 
may be fused with borax in a platinum crucible, into 
which a stream of carbon dioxide is passed, and the fused 
mass dissolved in sulphuric acid. 

It is often necessary to determine the amount of man- 
ganous and higher oxides in manganese ores ; this is best 
effected by estimating the quantity of disposable oxygen, 
which may be done by warming the finely-powdered 
substance with a measured volume of standarised ferrous 
sulphate solution, with addition of sulphuric acid, and 
determining the quantity of ferric salt produced. 

The quantity of oxygen evolved on heating manganese 
ores to redness is somewhat less than that which reacts 
upon ferrous salt in the foregoing process, inasmuch as 
manganese oxides are all converted into Mxifi^ by heat^ 
while they are reduced to MnO by the action of ferrous 
salts. 

§62. 

Separation and Estimation of Bases of the Fifth Group 
(Cadmium, Lead, Copper, Silver, and Bismuth). 

The precipitated sulphides are warmed with nitric acid 
(free from hydrochloric) of not higher sp. gravity \Jaas^ 



120/ the liquid is filtered off, the precipitate washed 
decantatioD, and digested with ammonium acetate 
order to dissolve any lead sulphate which may have been 
produced. The liquid is mixed \vith sulphuric acid, the 
jirecipitated lead sulphate is collected, washed with dilute 
sulphuric acid, and the lead determined as follows : The 
precipitate is boiled with potassium carbonate, wherebv 
the lead is converted into carbonate, the residue is wafihei 
dissolved in a measured volume of normal hydrochloric 
acid, decomposed by sodium sulphate, and determined 
according to § 8 ; or the quantity of sulphuric aj^id in the 
precipitated lead sidphate is determined by boiling the 
precipitate (after washing with alcohol) with normal 
potassium carbonate solutioD, filtering, and determining 
aiJphuric acid in the filtrate according to g§ 8 and 53. 
Pb = 2-588 X SOj. 

Fi'om the solution containing no lead, silver is pre- 
cipitated as chloride by addition of hydrochloric add- 
The precipitate is dissolved in ammonia, the silver is 
thrown down as sulphide by adding sulphuretted hydro- 
gen, dissolved in nitric acid (free fram hydrochloric), oni 
determined according to § 47; or the silver may be deter- 
mined in an aliqnot part of the solution filtered from the 
lead precipitate by the process described at tlie close of 
§ 47. If bismuth salts are present in large quantity, they 
must be removed by partially neutralising with potAsh, 
and adding a large volume of water. 

The solution containing bismuth, cadmium, and copper, 
is mixed with ammonia in excess, whereby the whole of 
the bismuth is precipitated. In the event of copper bdi>£ 
present in quantity, the bismuthoua hydrate is dissolved 
in nitric acid and reprecipitated by ammonia. The H» 
muthous hydrate is dissolved in nitric acid, and bismutii 
is determined according to § 27. 

Copper and cadmium are precipitated as sulphides, by 
passing sulphuretted hydrogen through the liquid, 
removing the greater part of the fi-ee acid by evaporatioDi 

> A Btrnnger acid would convert the greiiter part of the Is 
sulphide iiito insoluble sulphate. 
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or after addition of sodium acetate. The precipitated 
sulphides are boiled with dilute sulphuric acid (1 part 
concentrated acid to 5 parts water by volume), or with 
dilute hydrochloric acid (1 part strong acid to 4 parts 
water), whereby the whole of the cadmium is dissolved. 
The filtrate is partially neutralised with ammonia, sodium 
acetate is added, and the cadmium is precipitated as sul- 
phide, and determined according to § 30. 

The. copper sulphide is dissolved in nitric acid, and the 
copper is determined by one of the methods described in 
§§ 22 and 37 (most quickly by precipitation as cuprous 
oxide or iodide). 

Copper may be readily separated from cadmium by 
precipitation in the form of sulphocyanide. For this 
purpose the ammoniacal solution is acidified by means of 
hydrochloric acid, sodium sulphite or sulphurous acid is 
added, and the copper is precipitated by adding potassium 
sulphocyanide; the precipitate is then treated according 
to § 22. Sulphurous acid is removed from the filtrate by 
addition of chlorine water or sodium hypochlorite, sodium 
acetate is added, iree chlorine is removed by means of 
ammonia or sal-ammoniac, and cadmium is precipitated 
by sulphuretted hydrogen. 

I can recommend the following method of separation 
when bismuth is absent : The precipitated sulphides of 
copper, silver, lead, and cadmium are boiled with pure 
dilute hydrochloric acid (1 volume strong acid to 3 to 4 
volumes water); the lead and cadmium are converted 
into chlorides, while the copper and silver sulphides are 
unchanged. The amount of acid employed must not be 
less than 100 times the quantity of lead sulphide present, 
otherwise a portion of the lead will probably remain undis- 
solved. The residue is washed with hot water containing 
hydrochloric acid until the washings are no longer ren- 
dered turbid by addition of potassium chromate. Lead is 
precipitated as chromate (§ 27) in the filtrate after par- 
tial neutralisation with ammonia and addition of sodium 
acetate, chromic acid is removed jfrom the filtrate by 
addition of barium chloride and ammonia, and cadmium 
is precipitated as sulphide and determined according to 



S 30. The sulphides of silver and copper are dissolved U 
pure nitric acid, the silver is thrown down as chloride bj 
addition of hydrochloric aeidj this precipitate, aa also tbi 
liquiil containing copper, is treated as already described. 
This process is not trustworthy if bismuth be present 
inasmuch as tismuth sulphide is partially but not altu 
gether soluble in hydrochloric acid of the strength name* 
above ; stronger acid acta upon copper sulpliide witho* 
effecting a total solution of the bismuth. This methodil 
to be preferred to that first described when much lead ii 
present, because the lead sulphate formed during oxidatioi 
of the sulphides by means of nitric acid may then 
to II considerable quantity. 



i 



Separation and Estimation of Bases of the Sixth 
(Mercury, Tin, Arsenic, Antimony, Platinum, and Qold). 

Before describing the methods for separating tbeM 
metals, I will make a few remarks concerning the sepw* 
tion of the members of this group fi-om the foregdug 
groups. 

If arsenic oxide {Aa^O^), gold, or platinum be present,il 
is advisable not to precipitate with sulphuretted nydrogBl 
in acid solutions, but I'ather to render the liquid neadj 
neutral by addition of ammonia, to add a mixture 9 
ammonium carbonate and yellow ammonium Bulphids,l<i 
wann, and filter. The precipitate is then washed wit! 
water containing the precipitants, and dissolved in mia 
acid.^ 

The filtrate, containing only the metals of the first ui 
sixth groups, with the exception of mercury (and perlup 
uranium), is acidified with hydrochloric acid, and tii 
precipitated sulphides of the sixth group are coUectwf 
washed with water, dried at 100°, and heated in I 
weighed bulb tube through which a stream of chlorio 
i passed ; the tin, antimony, and arsenic are cunvettM 
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into chloi'ides, which are volatilised and absorbed in a 
mixture of tartaric and hydrochloric acids contained in a 
three-bulbed U tube. The gold and platinun), sulphides 
are reduced to the st^te of metals; the increase in the 
weight of the bulb tube therefore represents the weight 
of these two metals. The platinum may be determined 
by dissolving the mixed metals in aqua regia, boiling 
down, precipitating with potassium chloride and alcohol, 
and weighing the potassium-platinic chloride produced. 
The gold may be precipitated in the metallic form by 
boiling the filtrate from the platinum precipitate with 
oxalic acid. 

If gold and platinum are accompanied by tin only, the 
sulphides may be dissolved in aqua regia, the gold and 
platinum precipitated from this liquid by means of coppei* 
foil, and removed as far as possible from the copper, which 
is then dissolved in nitric acid, leaving any small quantities 
of the noble metals which may have adhered thereto 
uiadissolved ; the gold and platinum are finally dissolved 
in aqua regia, separated, and determined- by the gra^vi- 
metiic naethod already described. The liquid decanted 
from the precipitated gold and platinum contains the tin. 
The noble metals may be separated from the members of 
the fifth group by this process. 

In the absence of gold and platinum^ tin antimony 
arsenic and mercury may be separated and estimated by 
the following process : — 

Tin and mercury must be present as stannic and 
mercuric salts respecti^^ely, inasmuch as stannous and 
mercurous sulphides are not soluble in potassium sul- 
phide. Stannous are converted into stannic salts by 
addition of nitric acid, mercurous into mercuric salts by 
adding sodium hypochlorite or chlorine water. 

The greater part of the free chlorine is removed from 
the liquid bv boiling, or by addition of ammonia, the 
acid being also for the most part removed, and sulphur- 
etted hydrogen is passed through the hot liquid until 
this smells strongly of the gas. The liquid should be 
maintained at about 70° during the passage of sulphur- 

L 
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etted hydrogen, in order to insure the complete precipi- 
tation of arsenic which may be present as arsenic oxide 
(AsgOg) ; the addition of a few grains of sodium sulphite 
hastens the precipitation in such a case. The precipi- 
tated sulphides of the metals of the fifth and sixth group 
are collected on a filter, washed, and warmed for a few 
minutes with a little potassium sulphide (or liver of 
sulphur) solution, along with a considerable quantity of . 
caustic potash. The metals of the sixth group are thus 
completely dissolved. After filtration, and washing with 
hot potash solution containing potassium sulphide, the 
filtrate is heated to boiling with addition of a consider- 
able quantity of ammonium chloride. Mercury is thus 
completely precipitated as sulphide ; the precipitate may 
be. dried and weighed, or dissolved in hydrochloric acid 
and potassium chlorate, and the mercury determined 
according to § 40. The filtrate from the precipitated 
mercuric sulphide is slightly acidified with hydrochloric 
acid, whereby tin, arsenic, and antimony are thrown 
down as sulphides ; tin and antimony are removed by 
treating the precipitate with hydrochloric acid diluted 
with three vols, of water. Arsenic is determined in the 
residue by dissolving it in cold ammonium carbonate, 
precipitating the sulphur by addition of silver nitrate, 
removing excess of silver (without filtration) by addition 
of hydrochloric acid, filtering and applying the iodomet- 
ric process of § 36. Or, arsenic may be removed from 
the precipitated sulphides of tin, antimony, and arsenic 
by solution in ammonium sesquicarbonate, and the resi- 
due may be dissolved in hydrochloric acid. This solution, 
after removal of sulphuretted hydrogen by boiling, may 
be divided into two portions, in one of which tin, and in 
the other antimony, may be determined. 

Tin may be determined by precipitating with granu- 
lated zinc, decanting and washing, dissolving the zinc 
with adhering tin in hydrochloric acid in a flask for- 
nished with a cork carrying a tube drawn to a point 
When gas (SbHg, and H) has ceased to be evolved even 
on warming, the liquid is decanted from any precipitated 
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antimony (which is washed with water),, mixed with 
Rochelle salts, saturated with sodium bicarbonate, and the 
tin is estimated with iodine solution according to § 36; or 
the stannous may be converted into stannic chloride by 
addition of ferric chloride, the amount of ferrous chloride 
simultaneously produced being determined by means of 
permanganate.. If this method be adopted, it is not 
necessary to decant the liquid containing tin from the 
small quantity of precipitated antimony. 

The remaining half of the liquid containing tin and 
antimony is mixed with Rochelle salts, saturated with 
sodium bicarbonate, and the amount of antimony is deter- 
mined by iodine solution according to § 35. 

This process for the estimation of antimony and tin is 
based on the fact that hydrochloric acid converts stannic 
sulphide into stannic chloride, which is without action 
upon free iodine; while antimonious sulphide is converted 
into antimonious chloride (SbClg), which reacts upon free 
iodine. It is therefore essential that the tin be present 
only in the form of stannic salt before passing sulphur- 
etted hydrogen through the original liquid. The solubility 
of arsenious sulphide in ammonium carbonate may be 
taken advantage of for the separation of arsenic from 
other metals ; the arsenic is obt^ned in the form of an 
arseoious salt, in which form it may readily be deter- 
mined. 

Arsenious and arsenic acids, if combined with alkalies, 
may be determined, when present together, by § 36. 

If alkaline earths are present, the substance is dissolved 
in nitric acid, sodium acetate is added, and arsenic acid is 
.titrated with uranium solution in a manner similar to 
that described for phosf)horic acid in § 50. 

In presence of other metals the arsenic salt is dissolved 
in nitric acid, the solution is neutralised with ammonia, 
and ammonium sulphide is added in excess. The whole 
of the arsenic is precipitated by addition of hydrochloric 
acid (the arsenic oxide is precipitated in the form of 
AsgSg, the arsenious in the form of AsgSg); the precipitate 
is dissolved in ammonium sesquicarbonate ; sulphur is 
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removed from the liquid by addition of silver nitrate; 
tha liquid is divided into two parts — in one arsen- 
'ous oxide is determined according to g 36; the other 
s reduced with sulphur dioxide, and treated as described 

A solution of ammonium sesquicarbonate, for use in the 
separation of arsenic, may be readily obtained by dis- 
solving commercial ammonium carbonate in 10 parts of 
warm water at ni)" to 60°. 
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SECTION II. 

ESTIMATION OF THE BASES WITHOUT SEPARATION OF GROUPS 

OR OF INDIVIDUAL METALS. 

TN the introduction to Section I. of the present part I 
^ have briefly indicated the possibility of determiiiing 
the various bases by volumetric processes without previous 
separation of groups or of individual metals. 

The fact that such a scheme of analysis is possible, at 
once shows the pre-eminent advantage possessed by 
volumetric over gravimetric methods. Nevertheless, 
chemists have busied themselves but little with attempts 
to systematise the volumetric methods, but have for the 
most part been content to possess a knowledge of special 
processes for the estimation of the individual metals and 
acids. Some chemists have brought forward methods in 
which the substances to be volumetricaUy determined are 
only obtained in a proper state after long and tedious 
processes of gravimetric separation. We may agree with 
Fresenius, when he says, that in such cases it is frequently 
easier to wei^h the substances than to dissolve them and 
to titrate the solutions. Many appear to hold that 
analytical chemistry is but a compilation of receipts for 
the examination of various compounds, and of commercial 
products. For my part, I look on volumetric analysis as 
a branch of chemical science, not as an art of prescription; 
and I shall endeavour to describe methods which are of 
general application, and not such as are only applicable in 
one or two instances. I trust that other workers will 
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enter this field : there is much and valuable fruit to be 
gathered. 

It will be well that we should clearly understand the 
general principles which are to guide us in framing 
methods of estimation which may be of wide applica- 
bility. 

In the ordinary processes of analysis the metals are 
separated into groups, each of which is again subdivided 
into its constituent members. Gravimetric processes 
necessitate the conversion of each substance which is to 
be determined into the form of a chemical compound of 
definite and known composition; volumetric processes do 
not require this. The volumetric processes described in 
the preceding section have been based upon group-separa- 
tions: these we must now for the most part renounce. 
We must endeavour to separate each base from a solution 
of all the bases ; we must generally revert to the original 
solution, which we must divide into as many portions as 
there are separate bases, or groups of bases, to be deter- 
mined. 

The process of analysis is thus much shortened, nofc 
only by the omission of group-separations, but also by 
the fact that but one, or two filtrations at the most^ are 
necessary ; in many instances no filtrations are required. 
The precipitates do not require the same long-continued 
washing which consumes so much time in the ordinary, 
processes. Two circumstances more especially recom- 
mend the methods under consideration. Every estimation 
is readily controlled by repeating the process on the 
original liquid; the analyses of technical products in 
which one or more, but not all of the constituents, is to 
be determined, becomes a matter of ease, and can be 
carried out much more rapidly than when it is neces- 
sary to make a systematic separation of the metallic 
groups. 

As the processes are based upon general principles, 
there is no difficulty in deducing from them methods 
which become available under particular circumstances. 
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§64. 
Prelimiiiary Remarks. 

Those substances mentioned in § 57 as exerting a 
prejudicial action upon the base separations must be re- 
moved by the methods described in the paragraph referred 
to before applying the methods detailed in the following 
table, pp. 168, 169. Acids other than sulphuric, hydro- 
chloric, nitric, acetic, and perhaps oxalic (which is readily 
removed by means of chlorine water), must be absent from 
the solution. Phosphoric acid is not generally prejudicial 
to the determination of the bases; I have noted those 
causes in which it must be removed. Those metals which 
are precipitable by sulphuretted hydrogen in acid solu- 
tions must be removed before determining zinc, cobalt, 
and nickel in certain special cases; the removal of these 
metals is essential when the metals of the sixth group are 
present. 

The general method is applicable to the metals of the 
first five groups only; the metals of the sixth group 
are always precipitated by sulphuretted hydrogen along 
with those of group 5, from which they are separated by 
solution in potash and potassium sulphide; they may 
then be determined according to § 63. In a few special 
cases (for instance, in the analysis of arsenites and anti- 
monites of the alkalies and alkaline earths) it is possible 
to determine the members of this group by direct titration 
with iodine ; but such cases are exceptional. 

§ 65. 
Explanation of the Table. 

The following table contains methods for the deter- 
mination of twenty bases, which are divided into eight 
sections. It may frequently happen that a liquid contains 
one member of each section, although the analysis of a 
substance containing all the bases will be a matter of very 
rare occurrence. 
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Blimnlh, Silver, Copper, 
CHdmiutn. 



Fnrtisl nentrali&atinii 
with win. Addition o£ a 
little sodium chloridu and 
nrnch hot water. Precipi- 
tate of biamuth oiycblor- 
ide, and silver chloride 
washed ami treated with 
nitric acid. Silver chloride 
filtered off and weighed, 
or converted into sulphide 
by treatment with am- 
moninin snlphide, dis- 
solved in nitnc acid, and 
deteradued by 3 47. If 
mnch lead be present, it 
tnnst be removed from 

iginal liquid by means of 
..ilphuric acid. Solution 
containing liiamalh pre- 
cipitated with potassium 
^iromate, and bismuth 
determined by S 27, or bis- 
muth may be determined 
bySlOl. Filtrate free from 
■uver and bismuth, mixeil 
with sodium sulphite and 
potassium sulphocyanido, 
a lead be present also 
with sodium aalphate ; pre- 
cipitate boded with caustic 
potash and residnal cup 
oside deternnned by 



j of sul- 
phuric 



:oMt, HloVel. Man 



a, C&Eclum, Us^neaiDal 



Precipi- Metals of 
■ ■■ the 5th 

with ex- group, if 
present, 
must be 



acid. Pn 
cipitate 
washed, 
gently 
warmed 



dichro- 
mate; fil- 
tration, 
and deter- 




«ith anlphur 
1 hydrogen and cad 
Biiiuphide determined 



moved by 
saturating 
with aul- 
ibaretted 

Bolution. 
Satnra- 
ionof scid 



byS27. 
Fdtrate, 
free from 
lead, may 

tially neu 
tr^sed 
with soda, 



ai. 

acetate, 
addition of 

hydrogen. 



bismuth, 
cadminm. 



nof 



§30. If 

phide be 
grey, re- 
solution II 
hydro- 

re-precipi- 
describeil 



If cobalt and nickel a 
temuDod, the metals o! theSJ 
must be Krat removed byp 
phu retted hydrogen throtq^ 
solution; otherwiae this is 

Centralisation with aj 
dition of ammonium Bu]_ 
a few minutes strong a 
with acetic acid, heating i 
filtration, and waBhi&g i 

cipitate in hydrochloric add{| 
little potaasiom chlora 
solution into 2 parts, and p 
tion of each with chlorine or 
water and caustic potash, and 9 
ment according to § 24. Filtn '" 
taining manganese, ciilciui 
strontium, and magnesin 
into 3 parts, 1 part -war 
sodium hypochlorite, MnOj 
and determined by g 23. J 
mixed with much solid Y 
sulphate; ammonium oxatu 
cosmic salt, and encess ot^ 
added; liquid boiled and flj" 

Lime and m^nesia in p. 
dissolved in hydrocMorio »i, 
tion divided into 2 parts; inl 
lime titrated according t ' 
other part magnesia, accoi ' 
by determining i)hoephor 
dissolved sulphates reraa 

Second potiion of filtrate^ 
oipitate by ammi 
decomposed by meaaured * 
normal sulphuric aoid. ron^ 
moniacal, and excess of acid^ 
ed by § 53, whenuB barinm M 

Third portior -" ''■'-^'- 
tated by an 
(BaCO,, SrCOa, CaCOJ. . 
according to § S, and strontinfl 
mined from difference. I 
aoid must be previously rt 
nieauB of ferric chloride : i 
also by means of sodium i 
I chlorite ii 



u acetic acid solution. | 
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5. 
Iron. 



dduced in 
% solution 
Staining 
|lharic acid 
[excess of 
ic : solu- 
^decanted 
tim undis- 
kved zinc, 
i titrated 
r§ 19. In 
pesence of 
(Ich nitrig 
R, previous 
Kipitation 
■imnonium 
tolphide, 
^Intion in 
^ute sul- 

Stric acid, 
removal 
i snlphur- 
fced nydro- 
jtt by boil- 
^ is neces- 
sary. 



6t. 

Aluminium, Chromium. 



Partial neutralisation of 
free acid with soda. Addi- 
tion of acid potassium oxalate; 
addition of mixture of potas- 
sium sulphide and potassium 
carbonate until alkaline; ad- 
dition of much caustic potash 
(free from silicic acid), and 
warming to 50° -60** for some 
minutes, measuring liquid, fil- 
tration of aliquot parts. Fil- 
trate boiled with bromine 
water or sodium hypochlorite 
until sulphur, oxalic acid, and 
chromium oxide entirely oxi- 
dised. Acidification with 
nitric acid to expel carbon 
dioxide. Addition of caustic 
potash until all dissolved; ad- 
dition of barium chloride, 
whereby all chromic and 
phosphoric acid, if present, is 
precipitated. Filtration; de- 
termination of chromic acid 
in precipitate by § 27. Ali- 
quot part of filtrate acidified 
with nitric acid, measured 
volume of microcosmic salt 
solution added, and a little 
potassium sulphate to preci- 
pitate barium. Saturation 
with sodium acetate and de- 
termination of excess of phos- 
phoric acid by means of ura- 
nium, according to §§ 50 and 
57, whereby alumina is deter- 
mined. 

Alumina may be directly 
determined, in absence of 
chromium and phosphoric 
acid, by acidifying alkaline 
filtrate, and adding calcium 
chloride and sodium acetate; 
also in acid solutions, if only 
alkalies and alkaline earths 
are present. 



7. . 

Uranium. 



Addition of 
much ammo- 
nium car- 
bonate and a 
little ammo- 
nium sul- 
phide. Fil- 
trate, or 
aliquot part 
thereof, 
boiled, 
acidified with 
nitric acid, 
saturated 
with sodium 
acetate, and 
titrated with 
microcosmic 
salt solution 
until disap- 
pearance of 
the potassium 
ferrocyanide 
reaction, ac- 
cording to § 
50. Phos- 
phoric acid, 
if present, 
may be pre- 
cipitated with 

magnesia 
mixture ac- 
cording to 
§52. 



Potassium, Sodium, 
Ammonium. 



Ammonia is determined 
in a special portion ac- 
cording to § 11. 

For estimation of sodium 
and potassium, the whole 
is evaporated to complete 
dryness with sulphuric 
acid, treated with warm 
water, mixed with caustic 
baryta, and a little freshly- 
prepared barium sulphide 
solution, heated to boiling 
and saturated with carbon 
dioxide. After again boil- 
ing, the liquid is filtered : 
an aliquot part of filtrate 
divided into 2 parts. 
One-half is titrated accord- 
ing to § 8; the other half 
is mixed with tartaric acid 
and 2 volumes of alcohol. 
The precipitate is filtered, 
washed with cold satur- 
ated solution of potassium 
tartrate, and residue ti- 
trated with soda according 
to § 12, whereby potassium 
is determined, bodium is 
found by calculation. In 
presence of silver, a littjle 
silver chloride is formed, 
and remains on dissolving 
the sulphates. 
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Uratiiutn IB seldom met witli in ordinary analysis; the 
alkalius are most easily determiaed in a special portion of 
the substance; hence, in general, the liquid will be divided 
into six parts. It is, however, preferable to make allow- 
ance for accidents and for controlling analyses, and to' 
dividL' the liquid into a greater number of parts than art 
actually required according to the table. 

Let IIS suppose that the whole of the bases mentioned 
in the table are present, and that the liquid is to be 
dividoil into 10 parts. 5 grams of the substance are 
dissolved in nitric acid, the solution is made up t^i 
500 cL (^, and 50 cb.c.=05 grams are withdrawn for each 
deteiiiiiiiation. We may begin with the determination of 
the nutals in any section we please: let us take the first. 
By '■ inrtial neutralisation" I mean the addition of such a 
quantity of alkali or alkaline carbonate as causes a tur- 
bidity which disappears on addition of a drop of nitric 
acid. Potash or soda may generally be employed indif- 
ferently for neutralisation, but the fixed alkalies cannot be 
always replaced by ammonia or by ammonium carbonate. 
The addition of a large excess of sodium chloride in 
Sertion I. is to be avoided, inasmuch as silver chloride is 
slightly soluble in a solution of sodium chloride. Hot 
water must be used for dilution to insure the resolution 
of any precipitated lead chloride. Ferric oxide, alumina, or 
traces Lif phosphoric acid, may accompany the precipitated 
silver chloride and bismuth oxychloride; the presence of 
these salts does not, however, interfere with the accuracy 
of the subsequent processes. This fact illustrates the 
snperinrity of the present method over that which 
involves group-separations. 

So also in the estimation of copper, considerable quan- 
tities if barium, strontium, and calcium sulphates — as 
>re or less lead sulphate — may accompany the 
oxide, hut these substances exert no reducing 
n ferric chloride or sulphate. 
?r may be precipitated as cuprous iodide in pre- 
f cadmium, but the filtrate then contains tin 
IS chloride being employed as reducing agent), 
ich ai«essitates a separation of the cadmium; it is 
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therefore better to precipitate the copper as sulpho- 
<;yaiiide. 

The cadmium is better precipitated in a hot solution ; 
this obviates the co-precipitation of zinc, which might 
occur if too much soda had been added to the original 
liquid. 

In the second section sulphates of barium, strontium, 
and calcium may be precipitated along with the lead 
sulphate, but these sulphates are insoluble in ammonium 
acetate, while the chromates of these three metals are 
soluble in this liquid. Lead sulphate, on the other hand, 
is soluble in ammonium acetate, while lead chromate is 
insoluble; hence treatment with ammonium acetate, fol- 
lowed by warming with potassium dichromate, converts 
the lead sulphate only into chromate. 

In the third section care must be taken to obtain the 
2inc sulphide free from nickel, salts. This is best accom- 
plished by passing sulphuretted hydrogen through the 
cold liquid the mineral acids in which have been almost 
completely neutralised, then adding ammonium acetate, 
warming, and continuing the passage of the gas. 

In the fourth section, after removal of manganese (and 
iron), the alkaline earths are precipitated as sulphates ; 
-calcium sulphate is alone affected by the addition of am- 
monium oxalate; the addition of microcosmic salt and 
ammonia causes a precipitation of the magnesia present. 

The determination of the alkalies is best carried out in 
a fi-esh portion of the original substance. 
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SECTION III. 

SEPARATION AND ESTIMATION OF THE MORE IMPORTANT ACIDS. 



rpHE acids must be combined -^ith bases capable of , 
-*- forming soluble salts with those reagents which are 
employed in the separation processes — that is to say, with 
the alkalies. 

Various methods may be adopted for forming combina- 
tions of the acids with the alkalies. Long-continued 
boiling with potassium or sodium carbonate sometimes 
suffices ; freshly precipitated strontium sulphate, for 
instance, is converted into carbonate by this means, while 
potassium sulphate is simultaneously produced; lead 
phosphate, oxalate, and sulphate are also decomposed by 
this method. Barium sulphate and many silicates, on the 
other hand, are only decomposed by fusion with an 
alkaline carbonate. 

Sulphuretted hydrogen or ammonium sulphide may 
very frequently be employed as a means for separating 
the acids from those metals which are precipitable by these 



reagents. 



The acids must be separated and determined in a 
special portion of the liquid under examination. 

§ 66. 
Division of the Acids into Oroups. 

The acids may generally be determined without pre- 
vious separation from one another. Sulphuric acid may, 
for instance, be determined in presence of phosphone, 
nitric, hydrochloric acid, &c. The chlorine in soluble 
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chlorides may be determined with accuracy in presence (if 
sulphuric, nitric, or phosphoric acid. It aometimcs 
happens, however, that tho acids caniiot be determined In 
.separate portions of the same Hquid without previous 
removal of some of themselves. Thus chlorine cannot bo 
determined by titration with silver nitrate in a liquid 
containing sulphuretted hydrogeo or alkaline sulphides. 
The presence of chromic acid interferes with the estima- 
tion of phosphoric acid by the uranium process. In sucih 
cases a separation becomes necessary. I have therefore 
divided the more important acids into three groups. 
Groups I. and II. include those acids which may \m 
directly estimated by means of silver nitrate ; Group III. 
includes those which can only be estimated by indiint 
processes. This division into groups is not, however, 
meant to suggest the idea that the acids raust be separated 
before estimation; they are much more frequently detej- 
mined in separate portions of the same liquid, thus 
carrying out the principle enunciated in last section ftir 
the determination of the baaes. 

GEOUPING OP THE MOEE IMPORTANT ACIDS. 



y be direeOs utimated. 



4i)t pmJplUUd by a\ 
nitnte In nitnc a 
BoluUooi. 

Arsenic acid 

Araenious „ 

Chroniio 

Sulphuric 

Pboaphorio 

Boric 

Oxalic 

Carbonic 

Silicic 

Hydrofluoric 



Hydrochloric 

Hydrobromic 

Hydriodic 

Hydrocyaaio 

Sulphydric 

Sulphurous 

Thioaulphuric 

(Hyposulphuro 



Nitric acid. 
The ozyacida of 

Chlorine, 

Bromine, 



These acids cannot be all simultaneously present in a 
solution. Most of the acids of Group III. are decomposiid, 
in acid liquids, by those of Groups I. and II., &c. 
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The acids of the first and second groups are determined 
in their own form, those of the thiil group in the form of 
products of decomposition. Looked at from this point of 
view, tartaric and citric acids belong to Group I.; as they 
are organic acids, I have, however, placed them as an 
appendix to Group III. 

§ 67. 

Estimation of the Acids of Group I. (Arsenic, ArsenionSr 
Chromic, Sulphuric, Phosphoric, Boric, Oxalic, Carbonie, 
Silicic, Hydrofluoric Acids). 

No separation is required, for the most part, before 
determining these acids. 

I will describe the methods by which the acids enn- 
merated above may be determined in presence of each 
other, or of the acids belonging to Groups II. and HI. 
I will also point out the modifications which must be 
applied when the acids are combined with bases other ^ 
than the alkalies. 

A. In alkali salts, and in absence of hydrofluoric aid 
horic acids. 

Silicic Acid is first determined by evaporating to dry- 
ness after addition of ammonium chloride, filtering, wag- 
ing, and applying the method of § 57. i 

The arsenic acids may be separated from all others by > 
precipitation in the form of arsenious sulphide from an 
acid solution, the amount of arsenic being determined in 
the precipitate by § 63. If arsenious and arsenic acid are 
both to be determined, the following method may be 
employed : Arsenious acid is determined in one portion of 
the alkaline liquid by titration with iodine according to 
§ 36; another portion is acidulated with hydrochloric 
acid, and warmed after addition of sodium sulphite until 
the arsenic is reduced to arsenious oxide. Excess of sul- 
phurous acid is removed by boiling, the liquid is rendered 
alkaline by addition of sodium carbonate, and the total 
arsenious oxide is determined by the iodine method. The 
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differience between the two results represents the amount 
of arsenious, to be calculated to arsenic oxide. 

The removal of arsenic acids generally renders the 
subsequent determinations more 6asy ; it is indispensable 
before determining phosphoric acid by uranium solution, 
or oxalic acid by permanganate. In these cases, instead 
of precipitating arsenic by means of sulphuretted hydro- 
gen, yellow ammonium sulphide may be added, so ad to 
retain the arsenic in solution, and the phosphoric and 
oxalic acids may be precipitated from this liquid by 
addition of calcium chloride. 

Chromic acid may be determined, in absence of other 
oxidising or reducing substances, by means of ferrous 
salt and permanganate, according to § 26. Oxalic 
acid, if simultaneously present — ^which is only possi- 
ble in alkaline liquids — may be removed by precipi- 
tation as calcium oxalate. If other acids of Group I. are 
to be determined in a liquid containing chromic acid, the 
latter must be reduced by boiling with alcohol, and the 
chromium must be precipitated as oxide by addition of 
ammonia, and removed; oxalic and phosphoric acids, if 
present, having been previously precipitated from the 
alkaline liquid in the form of calcium salts. 

The remaining acids of Group I. — supposing hydro- 
fluoric acid absent — may be determined in separate por- 
tions of the liquid without previous separation. 

Sulphuric acid maybe precipitated in acid liquids by add- 
ing strontium chloride and alcohol, and determined accord- 
ing to § 14. \{ only alkalies, oxalic, and phosphoric acid are 
present, sulphuric acid may be determined after addition 
of calcium chloride, without filtration, according to § 53. 

Phosphoric add may be determined, in absence of 
chromic and arsenic acids, by titration with uranium 
solution as described in § 50; oxalic acid, if present, 
having been previously oxidised to carbonic acid by heat- 
ing with bromine. Or phosphoric acid may be precipi- 
tated by magnesia mixture from an alkaline solution, and 
determined in the precipitate by § 52. If arsenic acids 
are present, ammonium sulphide must be added so as to 
retain these in solution. 



I 
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Oxalic acid may be directly determined in absence of 
chromic acid. In other cases this acid may be precipi- 
tated as calcium oxalate, which may then be dissolved in 
hydrochloric acid, and the solution titrated with perman- 
ganate, according to § 20. 

Cavhonic acid is determined by § 13 in the original 
liquid. 

B. In presence of hydrofiuoric and boric acids, and 
without paying regard to carbonic a^id which may 
be present 

We assume the absence of bases other than the alkalies, 
and the previous removal of silicic acid, if present, by 
boiling in a platinum basin with ammonium bicarbonate. 

Sodium carbonate is added, followed by addition of 
excess of calcium acetate solution; phosphoric, oxalic, and 
hydrofluoric acids are thus completely precipitated ; sul- 
phuric and boric acids are partially precipitated. After a 
considerable time the precipitate is filtered ofi", and 
digested with acetic acid, whereby calcium phosphate and 
borate, and any calcium carbonate present, are alone com- 
pletely dissolved.^ The residue is washed with a large 
quantity of hot water in order to dissolve any calcium 
sulphate, dried, ignited, and weighed. The mixture of 
<jalcium carbonate and fluoride so obtained is dissolved in 
B, measured quantity of normal hydrochloric acid, and 
after filtering from undissolved calcium fluoride, the cal- 
<5ium is determined by the method detailed in § 6. From 
the results of this determination the quantity of oxalic 
acid originally present in the liquid may be calculated 
CaCgO^ = CaCOg + CO (CaOCA = CaOCOg + CO). The 
•difference between the weight of calcium carbonate and 
the total weight of the ignited residue represents the 
weight of calcium fluoride; from this the amount of hydro- 
fluoric acid is readily calculated. 

The liquid filtered from the precipitate by calcium 
acetate is now mixed with that obtained by diffestii^[ 
this precipitate with acetic acid (if a precipitate form it 

1 If arsenic acid was originally present, it would also be found in 
this aoiutioD. 
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is dissolved by adding acetic acid), and the individual 
ftcids, with the exception of boric acid, are determined by 
the processes already described. 

In order to determine boric acid, the liquid containing 
lime and acetic acid, from which chromic acid and the 
arsenic acids have been separated as in A, is mixed with 
oxalic acid, whereby the lime is completely precipitated ; 
after filtration, magnesia mixture is added, and the phos- 
phoric acid precipitated. The precipitate is filtered bfi^, 
and well washed with hot water; the filtrate is evapo- 
rated to dryness in a weighed platinum basin, the residue 
is ignited, treated with hot water, again ignited, and 
weighed. It is then dissolved in a measured quantity of 
normal hydrochloric acid, the magnesia is determined 
according to § 8, and deducted from the total weight; the 
difference represents boric acid. 

Inasmuch as magnesium borate is soluble in an ammo- 
niacal solution of ammonium chloride, while magnesium- 
ammonium phosphate is insoluble in the same liquid; care 
must be taken to add a large quantity both of ammonia 
and of ammonium chloride when precipitating phosphoric 
acid. 

If the filtrate and first washings from the ignited 
residue be themselves evaporated to dryness, ignited, 
washed with hot water, and the residue be treated as 
directed, the results are more accurate. 

C. In presence of other acids and hoses. 

It may be laid down as a general rule that the estima- 
tion of the greater number of the acids of group I. neces- 
sitates that these acids shall not be in combination with 
metals precipitable by sulphuretted hydrogen or by 
ammonium sulphide, with the exception perhaps of lead. 
In the absence of those acids which exert a prejudicial 
effect on the estimation of the acids of the group now 
under consideration, the following method is applicable : 
The arsenic acids are determined iodometrically in 
alkaline liquids. The presence of those bases which 
become soluble in alkaline liquids in presence of tartaric 
acid, but which do not, under these conditions, reduce 

M 
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arsenic acid, nor are oxidised by free iodine, nor impart a 
colour to the liquid, is without effect upon the titraticm. 
Arsenious acid may therefore be determined in presence 
of alkalies, of small quantities of alkaline earths, of ah- 
minium, zinc, cadmium, and tin, by means of iodine solu- 
tion. In presence of alumina, or of the oxides of tiie 
heavy metals, it is necessary to add Rochelle salts or 
tartaric acid, so that these compounds may go into solu- 
tion on addition of sodium carbonate. Alkaline earib 
arsenites are simply dissolved in hydrochloric acid, and 
the solution is mixed with excess of sodium bicarbonate; 
the precipitate which forms is without influence upon the 
subsequent titration, and as it may contain a small quan- 
tity of arsenious oxide, it should not be removed by 
filtration. The estimation of arsenic need then only be 
prefaced by a process of separation when the salts under 
examination are compounds of the arsenic acids with 
certain of the heavy metals. After reduction of arsenic 
acid by means of sulphur dioxide, in an acid liquid, the 
whole of the arsenic is precipitated along with the metals 
of the fifth and sixth groups by means of sulphuretted 
hydrogen from a warm solution; the arsenious sulphide is 
removed by solution in ammonium carbonate, the liquid 
so obtained is decomposed by addition of ammoniacal 
silver nitrate solution, acidified with hydrochloric acid, 
and filtered. The filtrate is saturated with sodium bicar- 
bonate, and the arsenic is determined by titration with 
iodine. 

I have already pointed out, in the beginning of to 
paragraph, how arsenic acids may be separated from the 
other acids of group I. by precipitation as arsenious 
sulphide. 

Chromic acid may be determined in solutions contain- 
ing hydrochloric or sulphuric acid in presence of almoflt 
all metals, provided that those substances which influence 
the reduction of this acid by a measured quantity of ■ 
ferrous sulphate solution (H^S, HgSOo, HgSgO^, IBififi^ 
AsoOgjHNOo, and other reducing acids; HNO3, HCl, HBr, 
HClOg, HgMiigOg, and other oxidisers) be absent. 

Only the metals of the sixth group, with the exception 
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of stannic (not stannous) salts, mercury, and copper,^ need 
be removed before determining chromic acid. These 
metals may be separated by saturating the liquid with 
sulphuretted hydrogen. The chromium in the filtrate is 
Oxidised by boiling with bromine, after saturating with 
potassium carbonate and caustic potash (any precipitate 
which forms being removed by filtration), and is then 
precipitated by the addition of barium chloride. Cupric 
chromate may be directly decomposed by means of 
potash. Separation of chromic acid is also necessary in 
presence of those reducing and oxidising agents enumer- 
ated above. The reducing agents can only be present 
along with chromic acid, in alkaline liquids. Arsenious 
or arsenic oxide is removed by precipitation with calcium 
acetate, the chromic acid in the filtrate being precipitated 
as barium chromate.. Chromic acid may also be similarly 
separated from oxidising agents in alkaline solutions, 
provided that metals of the fourth, fifth, and sixth groups 
are absent. It is to be noticed that manganese, present 
as manganic or permanganic acid, should be removed as 
MnOg from the alkaline liquid after addition of alcohol. 

In the event of metals of the fourth and fifth groups 
being present along with oxidising acids, it is advisable 
first to remove the metals of the fifth group by passing sul- 
phuretted hydrogen through the acid liquid, to render the 
nitrate alkaline by addition of potash, and after converting 
the chromium into chromic acid by boiling with bromine, 
to filter, and to precipitate the filtrate by means of barium 
chloride. 

Sulphuric acid may be precipitated by addition of 
strontium nitrate and a volume of alcohol of 95 per cent, 
equar to the volume of liquid, from a solution of any 
sulphate soluble in nitric acid, and in presence of other 
acids: § 14 directs how to proceed with the determination. 
Or the acid may be thrown down and directly determined 
according to § 53 by means of barium chloride. 

Lead, calcium, and strontium sulphates are completely 
decomposed by boiling with potassium carbonate; the 

^ If this luetal be present in large quantity, it mnst be removed. 
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filtrate contains the whole of the sulphuric acid. If pure, 
or if containing substance unacted on by boiling potas- 
sium carbonate^ the acid in either of these three sulphates 
may be determined by using a measured volume of 
normal potassium carbonate solution, and proceeding 
according to § 17. 

I have already described, in § 67, the methods for 
separating phospfun^ic acid from the bases. If the phos- 
phoric acid estimation be alone of importance, a separation 
from iron and aluminium salts may be carried out by 
mixing the solution with tartaric acid, and adding 
aimmonia in excess, followed by addition of magDesia 
mixture. The phosphoric acid is determined in the 
precipitate by § 52 ; ferric and aluminic oxides remain m 
solution. 

Boric acid is determined as magnesium borate: it must 
be previously separated fi*om all bases other than mag- 
nesia and the alkalies. This may be effected by precipi- 
tating the metals of the fifth and sixth groups fix)m an 
acid solution by means of sulphuretted hydrogen, adding 
ammonium chloride, carbonate, and sulphide, and filtering. 
In the event of magnesia being absent, an ammoniacal 
solution of magnesium sulphate is added to the filtrate, 
and the boric acid is determined as already described. 

Oxalic acid is precipitated as calcium or lead oxalate 
from ammoniacal solutions, or from solutions slightly 
acidified with acetic acid, the metals of the fifth and sixth 
groups having been previously removed by means of sul- 
phuretted hydrogen. 

If oxidising and reducing acids are absent, oxalic acid 
may be estimated by means of permanganate solution, in 
presence of lead, zinc, cadmium, nickel, cobalt^ manganese, 
aluminium, chromium, and the alkaline earths. 

Carbonic acid and silicic acid may be determined in 
presence of all bases — the former by § 13, the latter by 
§57. 

Hydroflvx)ric acid is always determined by weighing 
as calcium fluoride (CaFg ; old notation, CaF), in which 
form it is thrown down from solutions of aU soluble 
fluorides by means of calcium chloride and ammonium 
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carbonate. The precipitate must be freed from other co- 
precipitated bases by treatment with dilute hydrochloric 
acid. Insoluble fluorides are decomposed by the method 
of § 56. 

Silicic may be separated from hydrofluoric acid by 
addition of ammonium carbonate to the alkaline liquid. 
If an alkali fluoride be present in solution along with 
silicic acid' — ^as after fusion of fluorspar — ^the liquid may 
be acidified with acetic acid, an equal volume of alcohol 
may be added, and the precipitated alkaline silico-fluoride 
may be determined, after separation and washing, by 
titration with standardised caustic potash or soda; or the 
precipitate may be decomposed by boiling with milk of 
lime, and after passing carbon dioxide into the liquid, and 
filtering, the amount of alkali may be determined in the 
filtrate; the amount of hydrofluoric acid is readily cal- 
culated. 

In the first case (as also in the direct titration with 
alkali), two equivalents of potash, used for neutralisation, 
correspond with three equivalents of fluorine present, so 
that 1| times the amount of potash used represents the 
amount of fluorine present. 

K jSiFg + 4KH0 = SiOg + 6KF + 2H2O. 
(KFSiFg + 2K0 =^ SiOg + 3KF.) 

In the latter case (as also in the decomposition by lime, 
and subsequent titration of alkaline carbonate), the 
hydrochloric acid used corresponds with 3 equivalents of 
fluorine, so that 36*5 parts of hydrochloric acid are equal 
to 57 parts of fluorine; or 1 cb.c. normal acid = 60 m.gm, 
HP. (Same for old notation.) Compare also § 12. 

§68. 

Estba&tion of the Acids of Oroup XL (Hydrochloric, Hydro- 
bromic, Hydriodic, Hydrocyanic, and Sulphydric Acids). 

The acids of this group are aU precipitated from solu- 
tions containing nitric acid, by addition of silver salts ; 
by this reaction they may be separated from the acids of 
group I. 
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The acids of group II. can, as a rule, be determined iu 
presence of those of group I. 

In the event of the acids of the group now under con- 
sideration being present in combination with alkalies, it 
is advisable to remove the aulphydric acid by addition of 
ammoniacal zinc sulphate solution. The precipitated zinc 
sulphide is determined according to § 30, and the amount 
of sulphydric acid originally present is calculated The 
filtrate, free from sulphydric acid, is divided into two 
portions: in one cyanogen i& determined by § 49; the 
other is saturated with potash, ferrous sulphate is added, 
and, after warming, the liquid is acidified by addition of 
hydrochloric acid. The precipitate so produced, contain- 
ing the whole of the cyanogen, is removed by filtration, 
and hydrochloric, hydriodic, and hydrolrromic acids are 
determined in the filtrate in accordance with § 45. 

A few remarks may be made here concerning the esti- 
mation of the acids of group II. in insoluble compounds^ 
in presence of the acids of group L, and also in presence 
of any bases. 

In those silicates which are decomposed by heating 
with concentrated sulphuric acid, hydrochloric acid may 
be determined by titrating the clear solution directly 
with silver nitrate. If the silicate is only decomposable 
by fusion, silicic acid must be removed after fusion, by 
boiling with ammonium carbonate ; the liquid must be 
filtered, acidified with nitric acid, and titrated with silver. 

Hydrofluoric acid is separated from hydrochloric by 
precipitation with calcium acetate; the filtrate is acidifiw 
with nitric acid before determining hydrochloric add. 

Metallic chlorides, bromides, and iodides — with the 
exception of those of silver, lead, and bismuth — are 
decomposed by boiling with potassium carbonate, the 
whole of the halogen going into solution in combination 
with potassium. The silver, lead, and bismuth haloid 
salts are decomposed by means of sulphuretted hydrogen. 
Bismuth salts are dissolved in sulphuric acid ; lead salts 
in caustic potash; silver chloride in ammonia; silver 
bromide and iodide are fused with potassium and sodium 
carbonates. 
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This preliminary separation of the bases is to be 
generally recommended, although it is not always abso- 
lutely required, inasmuch as silver nitrate precipitates 
the halogens in presence of any metals (mercuric and 
chromium chlorides excepted). The fact that chlorine, 
' bromine, and iodine may be determined in presence of all 
the acids of group I., with the exception of the arsenic 
acids and of phosphoric acid, also renders the separation 
mentioned above desirable. Hydrocyanic acid may be, 
determined in presence of almost all the acids of group I., 
and also in presence of hydrochloric, hydrobromic, and 
hydriodic acids, by the method described in § 49. The * 
same paragraph contains directions for separating this 
acid from the bases. 

Sulphur is determined volumetrically either as sulphur- 
etted hydrogen or as sulphuric acid. The first method is 
only applicable in the case of those sulphur compounds 
which are free from all substances capable of oxidising 
sulphuretted hydrogen, and in which the whole of the 
sulphur is converted into sulphuretted hydrogen by 
addition of hydrochloric acid. The sulphuretted hydrogen 
is passed into ammoniacal zinc or cadmium solution, and 
the precipitated sulphide is treated in accordance with 
§30. 

Finely-powdered sulphides are completely oxidised by 
fusion with a mixture of 4 parts potassium nitrate and 
3 parts calcined sodium carbonate; the whole of the 
sulphur goes into solution, as alkaline sulphate, on treating 
the fused mass with water. A mixture of potassium 
chlorate, sodium carbonate, and sodium chloride may 
also be employed, these salts being mixed in the pro- 
portion of 5 : 4 : 3.^ 

Sulphides cannot generally be thoroughly oxidised by 
treatment with aqua regia. 

1 Compounds which lose sulphur on heating — iron pyrites, for 
instance — should be fused with a mixture of 4 parts sodium car- 
bonate, 8 parts potassium nitrate, and 24 parts pure fused sodium 
chloride ; or a mixture of 6 parts potassium chlorate, 4 parts sodium 
carbonate, and 2 parts common salt may be employed. 
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§ 69. 

Estimation of Solphnrons and ThioBnlphniie Adds ii 
presence of Alkaline Snlphides. 

Although these acids do not strictly belong to group II, 
nevertheless, on account of the frequency with wliidi 
their alkaline salts occur in commerce, I have added sn 
account of the methods for their estimation as sa 
appendix to this group. 

^ 32 and 34 contain descriptions of the processes to be 
adopted for determining sulphurous and thiosulphnric 
acids. The methods therein described assume the {nre- 
sence of but one of these acids, and the absence of 
alkaline sulphides. 

In the event of both acids being present, and of the 
mixture containing alkaline sulphides (as in liver of 
sulphur, crude soda liquors, &c.), the following process 
may be adopted. 

The substance is dissolved in water, and the solution is 
shaken with freshly-precipitated zinc or cadmium car- 
bonate in a well corked flask. The whole of the sulphnr 
present as alkaline sulphide is thus thrown down in the 
form of zinc or cadmium sulphide. When the precipitate 
has completely settled, it is collected on a filter and dis- 
solved in fuming nitric acid, or in more dilute acid to 
which a crystal of potassium chlorate is added j&om time 
to time. The sulphuric acid produced is determined by 
§ 53, and from this the amount of sulphur originally 
present is calculated. In the event of alkaline mono* 
sulphides only being present, the zinc or cadmium sul- 
phide may be directly determined by § 30. The filtrate 
from precipitated cadmium sulphide is divided into two 
parts ; one part is warmed, and decomposed by addition 
of silver solution. 

NaaSgOg + AgjO = NagSO. + AggS. 
(NaOS202 + AgO = NaOS03 + AgS.) 

The precipitate, which may contain a little silver car- 
bonate, is filtered off and digested with ammonia, the 
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residue is dissolved in nitric acid, and the silver is deter- 
mined in accordance with § 44. Silver found X 0*577 = 
HgSgOg (old notation, silver found x 0*444 = S2O2). 

Sulphurous acid may be determined by difference in 
the second part of the liquid filtered from cadmium sul- 
phide. This is effected by titrating with iodine, and 
' deducting from the total amount used that corresponding 
with the thiosulphuric acid present. (1 equivalent iodine 
= 1 equivalent H2S2O35 ^^^ notation, 1 equivalent iodine 
= 2 equivalents SgOg.) 

Iodine converts sulphurous into sulphuric acid, but 
thiosulphuric into tetrathionic acid: a method of separat- 
ing the two acids may be based upon this fact. The 
liquid which has been freed from sulphides is divided into 
two parts : one part is titrated with iodine, a measured 
volume of standardised barium chloride solution is added, 
the excess of barium is precipitated by passing in carbon 
dioxide, the precipitate is collected, washed until the 
washings cease to affect turmeric paper, dissolved in 
normal hydrochloric acid, and the liquid titrated with 
^-normal ammonia; the sulphuric acid present after 
treatment with iodine is thus determined. The second 
half of the liquid is acidulated with hydrochloric acid, 
and boiled until the whole of the sulphur dioxide is 
removed; the amount of sulphuric acid is then determined 
according to § 53, without removing the precipitated 
sulphur. The difference between the two sulphuric acid 
determinations represents the amount of this acid pro- 
duced by the action of iodine upon the sulphurous acid 
present; from this the amount of the latter acid is calcu- 
lated. By deducting the amount of iodine corresponding 
with sulphurous acid from the total iodine employed in the 
titration, the quantity of iodine corresponding with thio- 
sulphuric acid is found. 

I have already described a process for determining sul- 
phuric acid in presence of sulphurous and thiosulphuric 
acids; the method is also applicable in presence of alkaline 
sulphides (after acidifying with hydrochloric acid, boiling 
offSOg, &c.). 

Carbonic acid is most readily determined in presence of 
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the sulphur acids and sulphides, by addition of potassium 
ehromate and sulphuric acid, and precipitation as bariom 
carbonate (§ 13). 

§ 70. 

Estimation of the Acids of Group UL (Nitric Acid and 
the Ozyacids of Chlorine, Bromine, and Iodine). 

These acids must be combined with alkalies (which 
is easily done by adding excess of sodium carbonate), and 
a determination of each must be effected in a separate 
portion of the liquid. 

In presence of other oxidising acids, nitric acid is pre- 
ferably determined in the form of anmionia, according ta 
§ 11. The oxyacids of chlorine, bromine, or iodine, if not 
simultaneously present, may be determined by § 42. If, 
however, oxyacids of chlorine are accompanied by those 
of bromine and iodine, the following method may be 
adopted. 

The solution is evaporated to dryness after addition 
of sodium carbonate, and the residue is gently ignited, 
so that the chlorates, bromates, iodittes, fcc, are converted 
into chloride, bromide, and iodide, which are then ex- 
amined by § 45. 

Chlorides, bromides, and iodides, if present in the 
original liquid along with the oxyacids, may be separated 
by digestion with freshly-precipitated silver phosphate ' 
(AggPOJ; the precipitate, on treatment with ammonia and 
a little ammonium sulphide (excess of which is removed by 
zinc sulphate), yields the halogens in solution. 

The amount of chlorine, bromine, and iodine in the 
oxyacids having been determined, the oxygen may be 
estimated by titration with sodium thiosulphate, according 
to § 42. Hypochlorites may be directly determined by 
titration with sodium arsenite in alkaline solutions, as 
described in Part III. under analysis of bleaching salts. 

Before leaving the subject of the estimation of acids, 
I will describe methods for determining tartaric and citric 
acids, the most important organic acids (with the exception 
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of acetic and oxalic, the determination of which has been 
already described) which are made use of in analytical 
chemistry. 

§ 71.^ 

Estimation of Tartaric and Citric Acids in presence of 
different Bases and Acids, and in Fmit-Jnices. 

The frequency with which tartaric and citric acids are 
met with in commerce renders it very desirable that we 
should be provided with a ready and accurate method for 
their determination. 

Tartaric acid may be accurately determined as potassium 
hydrogen tartrate, a salt which is quite insoluble in a 
mixture of 1 part water and 2 parts alcohol, even in 
presence of acetic acid or of acetates. 

If it be desired to determine tartaric and citric acids 
in a tolerably-concentrated solution containing the free 
a^ids or their compounds with the alkalies, acetic acid is 
. added to acid reaction (if the liquid be not already acid), 
followed by the addition of excess of potassium acetate 
solution, and a quantity of alcohol of 95 per cent, equal 
to twice the volume of the liquid. After stirring well, 
and allowing to stand for an hour, the clear liquid is 
. poured off from the precipitate ; a mixture of 2 volumes 
of alcohol and 1 volume of water is added, and the pre- 
cipitate is collected on a filter. Potassium citrate and 
acetate are readily soluble in water. The potassium 
hydrogen tartrate is dissolved in hot water, and the solu- 
tion is titrated with ^-normal ammonia. (1 cb.c. J-normal 
ammonia = 75 m.gm. crystallised tartaric acid; same for 
old notation.) 

The filtrate containing the whole of the citric acid, 
accompanied by acetic acid, is neutralised with soda, and 
the citric acid is precipitated in the form of lead citrate 
by addition of a solution of neutral lead nitrate.^ (Acids 
other than those mentioned are supposed absent.) 

1 Described by me in Archivfiir Phannacie [2], ii. 2, 1874. 
> I have found that lead citrate is somewhat soluble in ammonium 
acetate. 
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The lead citrate is filtered off, and after washing with 
a mixture of equal volumes of alcohol and water, is 
suspended in water through which sulphuretted hydrogen 
is passed. After the precipitation of the whole of the 
lead, the liquid is boiled until excess of sulphuretted 
hydrogen is removed, and the citric acid is determined 
by titration with ^-normal ammonia. 

1 cb.c. ^-normal ammonia =32 m.gm. CgHgOy. 

Old notation, 

1 cb.c. ^normal ammonia =35 m.gm. crystallised citric add. 

Addition of a lead salt produces a turbidity in 100 
cb.c. of water containing 2 m.gm. of citric acid The lead 
citrate must not be washed with water, else it undergoes 
a slight decomposition. 

The method just described is also applicable for the 
determination of tartaric and citric a^ias in presence of 
those metals which are precipitated from acid solviions 6y 
mdphuretted hydrogen, provided that no other bases but 
the alkalies, and no other acids but acetic, be present 
The method is applicable for the analysis of tartar emetic, 
or of Fehling*s solution if prepared from copper tartrate 
in place of copper sulphate. 

Estimation of Tartaric and Citric Acids in presence of 
acids other than Acetic, and of those Bases which a/re 
not precipitated in Acetic Acid Solutions by any of 
the Acids present {Oxalic, Sulphuric, Hydrochloric^ 
Nitric Acids; Alkalies, Magnesia, Alimiin/i, Iron 
and Zinc OoMes, &c.). 

Metals precipitable by sulphuretted hydrogen in add 
solutions, if present, are removed after saturating the 
liquid with sodium acetate. K potassium hydn^n 
tartrate separate out during this saturation, it need not 
be regarded, as it may be again dissolved by washing the 
precipitated sulphides with hot water containing a very 
little acetic acid. The filtrate is nearly neutralised with 
sodium carbonate, and an excess of lead nitrate is added. 
Tartaric, citric, oxalic, and sulphuric acid are thus pre- 
cipitated, along with a considerable quantity of leeA 
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chloride. The precipitate* is washed with the alcoholio 
mixture alteady described, removed to a beaker, and 
treated with ammonia, whereby the lead tartrate and 
citrate arfe alone dissolved. 

After filtration, and washing the residue with dilute 
ammoniacal water, ammonium sulphide is added to the 
filtrate, which is then acidified with acetic acid, and 
boiled until the whole of the sulphuretted hydrogen is 
driven off*. The precipitated lead sulphide is filtered off" 
and washed with hot water ; potassium acetate and two 
volumes of alcohol are added to the filtrate. Aft^r an 
hour the precipitate of potassium hydrogen tartrate is 
collected and treated as already described. The filtrate 
contains the citric acid and a little hydrochloric acid (if 
this acid were originally present), because lead chloride is 
partially decomposed by ammonia. Citric acid is precipi- 
tated by addition of lead nitrate. On account of the 
presence of lead chloride, it is more advisable to pre- 
cipitate the citric acid first as calcium citrate. This is 
done \>y adding calcium chloride to the alcoholic filtrate 
containing the acid, removing any precipitate of calcium 
sulphate or oxalate which is produced, heating to boiling, 
adding more alcohol, and rendering the liquid alkaline by 
addition of ammonia. Every trace of citric acid is thus 
thrown down in the form of calcium citrate; the pre- 
cipitate is collected on a filter, washed with alcohol, and 
dissolved in acetic acid. The liquid is mixed with lead 
nitrate, boiled and filtered. The precipitate is washed 
with alcohol, decomposed by sulphuretted hydrogen, and 
the citric acid is determined as already described. The 
calcium citrate may also be dissolved in nitric acid, and 
the acid thrown down by addition of basic lead acetate. 

This method is applicable, with slight modifications, in 
almost every case. 

In the event of lime and phosphoric acid being present, 
the liquid should be mixed with sal-ammoniac, and should 
also be boiled after addition of sodium acetate, and any 
precipitate of aluminium or iron phosphate, or calcium 
oxalate, filtered off: As this precipitate may contain 
small quantities of calcium tartrate, it is to be washed 
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with water and then with a hot solution of salrammoniac; 
the latter washings are to be tested for tartaric acid by 
adding excess of }X)tassium acetate and alcohol If 
tartaric acid be found, its quantity is to be determined. 
The rest of the process is the same as that just described. 
The bases present in solution may be for the most part 
deteimined after removal of the majority of the acids by 
means of lead. Aluminium and iron, for instance, may be 
determined in the liquid from which lead has been 
removed by means of sulphuretted hydrogen, b\' adding 
excess of sodium acetate, and boiling : in the filtrate cal- 
cium may be precipitated as oxalate, and magnesium as 
double phosphate. So also the oxalic, phosphoric, and 
sulphuric acids remaining in the lead precipitate after 
treatment with ammonia, may be readily determined. It 
is only necessary to dissolve tiie residue in caustic potash, 
to add ammonium sulphide, to acidify with acetic or 
hydrochloric acid, to boil and filter. The filtrate is then 
divided into three parts: to the first excess of caldnm 
ehloride and ammonia are added, a measured volume of 
normal barium chloride solution is run in, the liquid is 
heated, and excess of barium is determined bj- titration 
with normal potassium dichromate liquid. Sulphuric 
acid is calculated according to § 53. Oxalic acid is deter- 
mined in the second portion after acidification with sul- 
phuric acid (§ 20). The third portion is mixed with 
sodium hypochlorite, boiled, and saturated with sodium 
■acetate ; phosphoric acid is then determined by § 50. 

Estimation of TaHaric and Citric Acids in F^i^it-Juices. 

The acids characteristic of the juices of fruits are 
tartaric, citric, and malic; fruit-juices also contain gummy 
substances and colouring matter. 

The juice is to be partially clarified by filtration; if the 
liquid be very thick and gelatinous, an equal volume of 
-alcohol should be added, whereby a precipitate is pro- 
duced, which may then be filtered off and washed with 
hot water. 

Acetate of lead is added, whereby citric, tartaric, and 
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malic acids are precipitated 9,long with phosphoric and 
oxalic acids and colouring matter. The jprecipitate is 
washed with dilute alcohol and treated with aipmoni^. 
After filtration, a liquid is obtained containing the three 
organic acids and more or less colouring matter. This 
liquid is mixed with ammonium sulphide, acidified with 
acetic acid, and filtered : the filtrate is colourless. Tar- 
taric acid is precipitated by adding potassium acetate and 
alcohol to the filtrate. The liquid filtered from precipi- 
tated potassium hydrogen tartrate contains citric and 
malic acids ; it is mixed with calcium chloride, ammonia, 
and a little alcohol, warmed and filtered. The precipi- 
tate, after washing with boiling lime-water, is free from 
malic acid ; it is dissolved in nitric acid, the solution is 
precipitated by addition of lead acetate, and the citric 
acid is determined as already described. 

Phosphoric, oxalic, and sulphuric acid, if present in the 
juice, remain in the lead precipitate after treatment with 
ammonia, and may be determined therein. Racemic acid 
is present in certain fruit-juices; it is precipitated along 
with tartaric acid, but may be removed by dissolving 
the precipitate formed on addition of potassium acetate, 
in hydrochloric acid, adding excess of ammonia and 
calcium chloride solution, whereupon calcium racemate is 
precipitated free from tartrate. The precipitate, after 
washing with hot sal-ammoniac solution, and then with 
distilled water, may be dried, ignited, and weighed as 
calcium carbonate. 

Tartaric and citric acids may be determined in such 
difficultly-soluble or insoluble substances as crude argol, 
calcium citrate, &c., as follows : Argol is dissolved in hot 
water containing a little hydrochloric acid ; the liquid is 
saturated with ammonium acetate, the calcium is precipi- 
tated by addition of ammonium oxalate, and removed by 
filtration. The calcium oxalate is determined by titration 
with permanganate. Tartaric acid is precipitated from 
the filtrate by adding potassium acetate and alcohol. 

Alkalies in combination with tartaric acid are deter- 
mined by igniting the substance, dissolving in water, and 
titrating by the aJkalimetric method. 
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Calcium citrate may be dissolved in hydrochl 
and the citric acid precipitated by addition of lea 
if calcium tartrate were also present, the lead p 
is to be treated as already directed. 

* t 

§ 72. 

-;rj^ Concluding Remarks concerning Volumetric Se 

i:-?>i*^ Methods. 

We have seen how various substances may 
mined, when simultaneously present, by volume 
cesses ; and we have learned how few are the se 
required in this branch of analysis as compa 
those demanded in gravimetric processes, 
analysis four points are to be chiefly attended t( 

1. A knowledge of the qualitative composition of the si 

2. A method for dissolving the substance. 

3. Methods of separation. 

4. Methods for estimating the individual substances. 

The separation and titration methods shou 
simple as possible. By constantly asking one's 
is this done, and by following the reactions wt 
throughout the analytical process, it is often 
under special circumstances, to shorten th( 
methods, or otherwise to adapt them to the reqi 
of peculiar cases. 

I have endeavoured to describe only those m 
separation and of estimation which are capable ( 
application. 
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PART III. 

QUANTITATIVE ANALYSIS OF SUBSTANCES 
WHICH ARE OF TECHNICAL IMPORTANCE. 
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INTRODUCTION. 



What is generally required in the quantitative analysis 
of a commercial product is the estimation of only oue oi* 
two of the constituents, as the value of the substance may 
generally be then fairly assessed. 

The technical analysis of a manganese ore, for instance, 
consists in determining the amount of available oxygen ; 
of chromate of potash, in detennining the amount of 
chromic acid, and so on. 

In many cases the technical analysis of a substance 
does not seek to deteinnine the total amount of that con- 
stituent which is of especial importance in reference to 
the purpose for which the substance is to be used, but 
to estimate the quantity of this constituent which can be 
obtained under the special conditions of the manufacture. 

I cannot in this work give detailed directions for 
carrying out such technical analyses, but would only 
itnpress upon the analyst the necessity of obtaining a fair 
average sample of the substance to be analysed, of deter- 
mining, by suitable means, the moisture in the sample, 
and of endeavouring to acquaint himself with the prin- 
ciples upon which the analytical methods which he 
employs are based. In general the volumetric processes 
of separation and estimation detailed in the foregoing 
pages maj^ be followed, with slight modifications accord- 
ing to special circumstances. 

I will now show how the foregoing processes may be 
applied to the analysis of some of the more important 
technical products. 
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§73. 

Potashes. 

/COMMERCIAL potashes generally contain, — besides po- 
^ tassium carbonate, — sulphuric, silicic, sulphydric, and 
hydrochloric acids, alkaline earths, iron and manganese. 
The amount of potassium carbonate is determined in the 
solution in hot water, after filtration, by titrating with 
normal hydrochloric acid according to § 8. Sulphuric acid 
may be determined by § 14« or 53, and hydrochloric acid 
as directed in § 47, after acidifying with nitric acid. 
Alkaline sulphide, if present, may be determined by 
adding ammonium chloride, precipitating with ammo- 
niacal zinc sulphate solution, and treating the precipitate 
as directed in § 30. Silicic acid may be gravimetrically 
determined by § 57. If necessary, the bases other than 
potassium may be determined by the methods already 
detailed. Soda, if present, is best estimated by separating 
the potash as potassium tartrate (§ 12), evaporating the 
filtrate to dryness with sulphuric acid, igniting, and 
weighing the residue as sodium sulphate. 

§74. 
Soda. 

It is generally sufiicient to determine the total alkal- 
inity of commercial soda by the ordinary process. Caustic 
soda, if present, may be determined by dissolving a 
weighed portion of the sample in hot water in a closed 
flask, precipitating with barium chloride, making up to a 
certain volume, and after the precipitate has settled, 
withdrawing an aliquot portion and determining the 
alkali with normal hydrochloric acid. The process must 
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be conducted with as little access of air to the liquid as 
possible. 

Soda frequently contains sulphide, sulphate, and thio- 
sulphate of sodium. The sulphate may be determined by 
§ 53, after acidification with hydrochloric acid. The 
sulphide and thiosulphate are estimated by titrating a 
portion of the soda solution with iodine, after addition of 
sodium bicarbonate and starch paste. The amount of 
iodine used in order to produce a blue colour being 
noted, a second equal portion of the soda solution is 
mixed with sal-ammoniac, precipitated with ammoniacal 
zinc sulphate solution, and filtered; the filtrate is titrated 
with iodine. The amount of iodine used in the second 
titration corresponds with the thiosulphate present; from 
the difference between the two quantities of iodine used 
the sulphide present is calculated (compare § 69). If the 
total alkalinity has been determined by the ordinary 
saturation process, the amount of sodium existing as 
sulphide must be deducted from the total sodium found.^ 

Sodium chloride, which is not unfrequently present in 
crude soda, may be determined in accordance with § 47. 

The amount of iron in the soda or other liquor may be 
found by boiling for some time with sulphuric acid, 
filtering from sulphur, reducing with zinc, and titrating 
with permanganate (§ 19.) 

§ 75. 
Common Salt. 

The technical analysis of salt consists in determining 
th^ quantities of those substances other than sodium 
chloride which are present. The most important of these 
substances are lime, magnesia, sulphuric acid, and traces 
of water. 

Lime is determined by precipitating the solution mth 

' The amount of sodium carbonate may be estimated hj deter- 
mining carbonic acid in the filtrate; this is effected by precipitating 
with barium chloride, and titrating the precipitated oarium car- 
bonate. 
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ammonium oxalate, after addition of ammonium chloride, 
filtering, and dissolving the precipitate in hydrochloric 
acid, &c., according to § 21. Magnesia may then be 
determined in the futrate by § 52. 

These substances may also be detenmned by successive 
additions of ammonium oxalate and phosphate to the 
ammoniacal solution, according to § 65. 

Sulphuric acid is determined in another portion by 
meaus of standard barium chloride (§ 53). 

Water is estimated by noting the loss incuiTcd on 
heating a weighed portion of the sample to incipient 
redness in a platinum crucible. 

Potash, if present, is determined as tartrate according 
to § 12. 

§ 76. 
Soap Analysis. 

The value of soap varies with the amount of water, 
alkali, and fatty acids contained in it. Water may be 
determined by exposing a weighed quantity (10 to lo 
grams), cut into small pieces, to a temperature of 
110° to 120°, until it ceases to lose weight. 

A considerable quantity (50 to GO grams), cut from the 
centre of a large mass of the sample, is dissolved in dis- 
tilled water, and the solution is made up, when cold, to 
1000 cb.c. 

50 cb.c. are withdrawn, placed in a beaker, and a few 
drops of eosin solution are added; noimal hydrochloric 
acid is then run in until the liquid becomes colourless. 
From the amount of acid used the total alkali is calcu- 
lated.^ 

Another portion of 50 cb.c. is added to 300 cb.c. of 
a saturated solution of common salt, which must itself Ix' 
neutral to test-paper, and the liquid is made up to 400 
cb.c. The true soap (neutral alkaline salts of the fatty 

* The fatty acids, at the instant of their complete liberatiou, 
apparently combine with the eosin ; the upper layer of semi-solid 
fat tlierefore retains a pink colour, but the liquid underneath i 
totally decolorised. 
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fxcids) is precipitated, while any uncombined alkali 
remains in solution. , An aliqupt portion of the liquid is 
passed through a dry filter, and the alkali is determined 
by the ordinary process. The amount found, deducted 
from total alkali, gives alkali in combination. If soda and 
potash be both present, the process of § 12 may be applied 
after removing the fat. 

, 50 cb.c. of the soap solution are run into a stoppered 
separating funnel, and there decomposed by excess of acid ; 
the fatty acids so separated are agitated with carbon 
disulphide until completely dissolved; this solution, which 
forms the lower layer in the funnel, is run into a small 
weighed llask ; the carbon disulphide is distilled off, and 
the residue is heated at 100° until it ceases to lose weight.^ 

Soap is very frequently adulterated with mineral 
matter. The following substances are those most com- 
monly employed : borax, water glass, Glauber's salt, soda, 
oxide and sulphide of iron, white vitriol, clay of different 
kinds, pumice-stone, verdigris, &c.; starch and potato- 
meal, and such substances as gum, turpentine, &c., are 
also sometimes used as adulterants. Mineral impurities 
may be detected by treating the soap with strong alcohol, 
. filtering, and examining the residue. 

Ordinary soap contains from 20 to 30 per cent of 
water, 7 to 8 per cent combined, and 2 to 5 per cent free 
alkali — the latter generally as carbonate — and 60 to 70 
jjer cent of fatty acids. According to Stockhardt, 100 parts 
by weight of fatty acids neutralise 12 to 14 parts of soda. 
The same authority gives the following figures as repre- 
senting the solidifying points of the fatty acids of dif- 
ferent soaps.^ 

^ As the fatty acids exist in the soap as anhydride, but are weighed 
us hydrate, a correction is necessary. If the amount of fatty acid 
found be multiplied by 0937, an approximately correct result is 
obtained. 

* lu the process for soap analysis I have for the most part 
adopted a method published in the Chem. N&ivs., vol. 35, p. 2. The 
method is there communicated by Mr. C. F. Cross, a student in the 
laboratory of this college. The use of eosin as an indicator is a 
decided improvement upon that of litmus tincture or paper, as 
recommended by Dr. Fleischer. — Tr, 
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Fatty icidi [rODi Bi>lidll}iiig pidnti,. 

Pure tallow, 44° to 45° C. 

Pure [lahii oii, 38° „ 39° 

1 part taliow and J part cocoa-nut oii, . 29° „ 30° 

y,qua\ parts of tallow and cocoa-nut oil, . 27° „ 28° 

1 pyrt palm and J part cocoa-nut oil, . 27° „ 98° 

Pure cocoa-DHt oil, . . 23° „ 24° 



Saltpetre. 

i»)itiic aciil is determined according to § 39. Hydiu- 

cbloric and sulphuric acids are usually present; the former 
is deterriiii..,i by g 47, the latter by § 53. 

Lime, if }irfsent, is estimated by dissolving in dilute 
nitric acid, adding ammonia and ammonium oxalate in 
excess, and treating the precipitate according to g 21. 

If potash and soda are simultaneously present, the 
former is determined as tartrate (§ 12), after precipitating 
the lime liy means of ammonium carbonate. 



Gnnpowder. 

Water is determined by drying a portion in an exsic- 
■. eator over sulphuric acid until the weight is constant for 
some hours. 

The saltpetre is separated from the other constitueut-^ 

(sulphur and charcoal) by washing a weighed portion cf 

'"'ne gnnpijuvder on a filter with hot water until a few 

Itps of the washings cease to leave a residue when 

"wrated on platinum foil. The washings are then 

^ted somewhat, and tlie nitric acid is determined 

g 39. Sulphur is determined by gently 

t a mixture of 1 part of the powder, 1 part of 

nm carbonate, 1 part of pure saltpetre, and 6 to 

;puve potassium chloride in a platinum crucible. 

'^h' increasing the temperature until the mnss 
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fuses iquietly a^id becomes colourless. The fused mass is 
dissolved in water acidified with hydrochloric acid, and 
the sulphuric acid is determined by means of barium 
chloride (§53). 

Carbon is deteimined either by drying that portion of 
the powder from which the nitre has been removed, at 
100°, until it ceases to lose weight, and deducting the 
amount of sulphur contained therein; or by removing the 
sulphur by means of carbon disulphide, and drying and 
weighing the residue. 

§ 79. 
Cmde Molasses Potash. 

When molasses are fermented, and the alcohol is dis- 
tilled off, a residue is obtained, which,, after being heated 
in an oven, contains alkaline carbonates and other salts, 
especially salts of calcium, mixed with varying quantities 
of carbon. 

The main point in the technical analysis of this residue 
consists in determining the amount of potassium car- 
bonate. Inasmuch as soda is present along with potash 
and alkaline sulphates and chlorides, the potash cannot 
be determined by direct titration. 

A portion of the sample is dried at 100° and weighed. 
A second portion is boiled for a few minutes with 50 to 
100 parts of water, dried, and weighed. The residue, 
consisting of carbon, silicates of aluminium, iron, and 
calcium, calcium carbonate, and sometimes iron sulphide, 
is treated with hydrochloric acid; the residue is dried, 
weighed, ignited, and again weighed. The loss on ignition 
represents carbon, while the difference between the total 
weight insoluble in water and the carbon plus ash repre- 
sents the portion soluble in acid. 

The aqueous solution is generally coloured brown; this, 
if due to the presence of organic matter, may be over- 
looked, but if due to the presence of iron sulphide, 
probably points to the simultaneous presence of alkaline 
sulphides which have an alkaline reaction. 
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The aqucDus solution is dt\'ide<l into two portions ; 
one the total caiTiomc acid is deteiTuined, in the other the 
respective quantities of soda and potash. If alkaline 
sulphides are present in any quantity, the aqueous liquid 
must be divided into tliree portions. Carbonic acid is 
determined according to g 8. In the event of alkaline' 
sulphides being present, the liquid is precipitated with' 
nuutral bariimi chloride, and the precipitated barium 
carbonate (containing sulphate) is treated as directed id 
§ 8. The second portion of the aqueous solution is acidified 
with hydrochloric acid, boiled to expel carbon dioxide, 
and precipitated with barium chloride. (If it be desired 
to determine sulphuric acid, a measured quantity of 
noimal barium chloride is employed ; excess of barium is 
precipitated by adding ammonia and ammonium cai-bon- 
ate, and from the amount of barium carbonate so obtained, 
determined alkalimetrically, the sulphuric acid is found.— 
g 14). The filtrat*, freed from barium, is evaporated to dij- 
ness in a weighed platinum dish, the ammonium salts are 
expelled by heating, and the residue, consisting of poto- 
sium and sodium chlorides, is weighed. The chlorine 18 
then determined in the residue according to g -17, and the 
soda and potash calculated according to § 58. Tlie sodiou 
ia calculated to cariwnate, the amount of carbonic acid 
required is deducted from the total acid, and the residue 
is calculated to potassium carbonate. 

Chlorine may be determined, according to § 47, in » 
portion of the aqueous solution, after acidification with 
nitric acid and removal of sulphuretted hydrogen. 

Alkaline sulphides may be determined by precipitatine 
the aqueous solution with ammoniacal zinc sulphate, mo 
treating the precipitate according to § 30. HydroohloUC 
acid is added to the filtrate, but not in quantity suffidoit 
to neutralise the whole of the alkali (sodium bicarbonftto 
may Ije added if necessary), and any thiosulphate present 
is determined by titration with iodine (g 33). 
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§ 80. 
Liver of Sulphur. 

Liver of sulphur is a mixture of different alkaline poly- 
sulphides with various' alkaline sulphates and carbonates. 

A weighed portion is dissolved in 50 to 70 parts of hot 
water; any residue of free sulphur is filtered off, fused 
with 4 parts of potassium chlorate, 6 parts of sodium 
carbonate, and 2 parts of sodium chloride, and determined 
as sulphuric acid. The clear liquid is shaken for a few 
minutes with cadmium carbonate in a corked flask, and 
filtered; the precipitated cadmium sulphide is oxidised 
by fusion with the above-mentioned mixture, and the 
sulphuric acid found is determined. The sulphur so 
found was originally present as a polysulphide. The 
filtrate from precipitated cadmium sulphide may contain 
sulphuric and thiosulphuric acids. It is divided into two 
parts : in one part thiosulphuric acid is determined by 
iodine after addition of sodium bicarbonate ; in the other 
sulphuric acid is estimated according to § 14 or 53, after 
boiling with hydrochloric acid and filtering from sulphur. 
If a portion of the original substance be fused with the 
•Oxidising mixture already mentioned, and the sulphuric 
acid be determined and calculated to sulphur, the amount 
so found should agree with the sum of the free sulphui% 
and the sulphur existing as polysulphide, as thiosulphate, 
and as sulphate. Any slight excess may be set down as 
due to small quantities of higher thionic acids. 

From a determination of the sulphur existing as poly- 
sulphide, and of the total alkali, it is possible to tell with 
tolerable accuracy the formula of the polysulphide present 
(KgSg, KgSg, KgS^, or more probably KgSg), provided that 
one polysulphide only be present. The alkali existing as^ 
sulphate, carbonate, and thiosulphate is deducted from 
the total alkali, and the residue is calculated to that 
polysulphide whose formula most nearly agrees with the 
amount of alkali found. This calculation is checked by a 
determination of the sulphur existing as polysulphide. 

The alkali existing as sulphate and as thiosulphate is 
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calculated from the determination of these adds. The 
total alkali is determined by heating the original sab- 
stance in an open crucible with a small quantity of 
ammonium nitrate, or with ammonium sulphate, until the 
whole of the free sulphur is driven off, and the alkali is 
converted into sulphate.^ 

Carbonic acid is estimated by adding potassium di- 
chromate to the aqueous solution of the substance, acidi- 
fying with sulphuiic or nitric (not hydrochloric) €u;id, and 
determining according to § 13. 

Another method, which is quickly carried out, consists 
in digesting the finely-powdered substance with strong 
alcohol, whereby the sulphides only are dissolved. The 
alkalies may then be determined in the filtrate as sul- 
phates after evaporating to dryness. 

§ 81. 

Bleaching Salts (Sodinm, Calcinm, and Magnesium 

Hypochlorites). 

The technical analysis of a bleaching salt may seek to 
determine the amount of chlorine obtainable by saturating 
a solution of the salt with hydrochloric acid; or the 
amount of chlorine really existing as ClgO (CIO), i.e., the 
bleaching effect of the solution. 

If no oxyacid of chlorine other than hypochlorous be 
present, one determination gives an answer to both 
questions, 1 equivalent of (\0 being equal in bleaching 
effect to 2 equivalents of CI. 

In order to determine the amount of available chlorine, 
the solution is mixed with an excess of potassium iodide, 
after acidifying with hydrochloric acid, and the amount 
of iodine liberated is determined by means of thiosul- 
phate solution, after addition of sodium bicarbonate. 

1 equivalent of iodine = 1 equivalent of chlorine. 

1 Potassium salts are generally alone present in liver of sulphur; 
if soda is also present, it is determined along with potash m the 
residual sulphate; and the equivalent of potash is substituted for 
that of Boda.f as directed in § 58. 
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This method may generally be adopted for the valuation 
of bleaching liquors ; 10 grams or so of bleaching powder 
are rubbed in a mortar with water, transferred to a |rlitre 
liask, which is made up to the mark with water, arid 
50 to 100 cb.c. of the turbid liquid are treated as above 
described. 

In the event of chloric acid being present, Pennot's 
method is to be recommended for determining the amount 
Df available chlorine. The bleaching liquid is saturated 
with sodium bicarbonate, and a deci-normal solution of 
strsenious oxide in sodium bicarbonate is run in from a 
burette until a drop of the . liquid ceases to give a blue 
solour when spotted on filter-paper soaked in potassium 
iodide and starch paste. 

198 AsgOg = 142 CI (99 AsOg = 71 CI). 

A-rsenious oxide does not reduce chloric acid in alkaline 
solution. 

The ferrous sulphate method, described in § 25, gives 
very good results when chloric acid is absent. 

The amount of available chlorine is sometimes stated, 
^n the Continent, in degrees, which express the number 
3f cb.c. of chlorine gas obtainable from 1 gram of the 
bleaching powder. As 1 cb.c. chlorine weighs 3177 
Qi.gm., 1 cb.c. of a solution of 4*436 grams AsgOg (4*436 
^ams AsOg), in 1000 cb.c. of water containing sodium 
bicarbonate, will correspond to 1 chlorometric degree. 

§82. 
Qypsum. 

Water is determined by noting the loss sustained on 
heating to incipient redness. The dry residue is boiled 
for a few minutes with a measured volume of normal 
potassium carbonate solution; the liquid, when cold, is 
made up to a certain volume, and sulphuric acid is deter- 
mined in an aliquot portion according to § 17. If it be 
iesired to determine calcium, which is generally the case 
in analyses of natural gypsum inasmuch as this mineral 
:)ften contains carbonate and silicate of calcixxTCL, \Jafc y^^- 
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dpiuoe obcainevi by loOing with potassiani carbonate is 
rlisaolved in fajdpDchloiic acid, and the calcium is precipi- 
tated by means of ammoniom oxalate, and determined bv 
t 21. Or the precipitate may be dissolved in a measured 
volume of normal hydrochloric acid, and the solution 
titrated as directed in | 8. 

Other bases 'iron, aluminium, magnesium), if present, 
may be determined, after fusion with soda, by the general 
methods detailed in .^ 65. 

? 83. 
Boiler CnutB. 

The main constituents of boiler crusts are gypsum 
and calcium carbonate. The former is determined by 
VK)iling the finely-powdered substance with normal potas- 
sium carbonate solution, and determining sulphuric acid 
in a portion of the filtrate, according to § 17, or, better, § 53. 

Calcium is determined in the precipitate by the mediod 
jjiven in the preceding paragraph. 

The amount of calcium carbonate may be determined 
by washing the finely-powdered substance with hot water 
containing potassium chloride until the washings cease tt> 
render barium chloride solution turbid ; the calcium car- 
bonate in the residue, which is now free from gypsum, 
may be then alkalimetrically estimated.^ If the crust 
contain much gypsum and little calcium carbonate, it i^ 
better to make an estimation of carbonic acid, and to 
calculate the calcium carbonate therefrom. 

Boiler crusts also contain common salt, magnesium sul- 
phate and other magnesium salts, and ferric oxide. It 
may 1)0 sometimes necessary to determine the amount of 
magnesia. This may be done by dissolving in hydn> 
chloric acid, removing the lime by precipitation as 
oxalate, precipitating the magnesia in the filtrate as 
magnesium-ammonium phosphate, and determining ac- 
cording to § 52. 

> The residue may contain alumina, sand, &c.; these substances 
nmy })e dried and weighed as matter insoluble in hydrochloric acid. 
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Lime and magnesia may also be simultaneously precipi- 
tated and determined by § 65. 

Alkalies may be determined by adding ammonium car- 
bonate to the aqueous solution, ffltering, and evaporating 
the filtrate to dryness.^ 

§ 84. 
Bone Ash. 

The composition of bone ash varies according to the 
method of manufacture employed. That made from 
fresh bones is much richer in fat and organic matter 
generally, than that prepared from weathered bones, &c. 
'Water is determined by noting the loss suffered on 
heating to 100° or 120°; fat and other organic matters are 
found by heating the dry residue along with a fragment 
of ammonium nitrate until it is white.^ The loss repre- 
sents organic matter. 

The ignited residue mainly consists of phosphates of 
calcium and magnesium, with sand and traces of iron ; it 
is gently warmed' with dilute hydrochloric acid, the sand 
is collected, and phosphoric acid is determined in the 
filtrate by mixing with sodium acetate solution containing 
free acetic acid, and running the liquid into a measured 
volume of standardised uranium test-solution, as directed 
in § 50. 

The presence of iron renders this process rather in- 
exact; m such a case the precipitate which appears on 
adding sodium acetate is filtered off, ignited and weighed, 
and one-half of the weight so obtained is set down as 
phosphoric acid. 

Calcium may be determined by dissolving the bone 
ash in dilute hydrochloric acid, filtering, and precipitating 
with oxalic acid, followed by addition of sodium acetate. 

1 Concerning the formation of boiler crusts, compare the paragraph 
on water analysis. 

* The ammonium nitrate used is prepared by cautiously heating 
the crystallised salt until it fuses ; the salt must leave no residue 
when volatilised on platinum; it must contain uo acid other than 
nitric. 
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The precipitated calcinm oxalate, afler washing until the 
wasbiiigs cease to precipitate cadcium acetate solution, is 
dissolved in hydrochloric add, and the oxalic add is 
determined by titration with permanganate (§ 21). 

The amount of caldum existing as carbonate may be 
calculated from the results of a carbonic add determina- 
tion (§ 13). 

Nitrogen Ls determined in the form of ammonia by 
burning with soda lime (§ 11). 

Fat may be determined by treating a dried portion 
repeatedly with hot ether, and drying the residue at 
120''; the difference represents fat. The sum of bij 
water, and fixed residue deducted from the original 
weight represents the organic matter other than fat. 

§85. 
Bone Char. 

The chief constituents of bone char are carbon, phos- 
phoric and carbonic acids, lime, magnesia, iron oxide, 
sand, and organic matter. Traces of sulphuric and hydro- 
chloric acids, and of alkalies, are also generally to be 
detected. 

For the purposes of the sugar-refiner, an estimation of 
the amount of calcium carbonate in a sample of bone char 
is of pammount importance. This estimation is most 
readily and quickly accomplished by Scheibler s apparatus, 
a description of which is to be found in most works on 
general analysis. 

For general purposes the following scheme of analysis 
may be adopted: Water is determined by drying at 100°; 
the residue is warmed with dilute hydi'ochloric acid, the 
insoluble matter is dried, weighed, ignited along with a 
fragment of ammonium nitrate, and again weighed; the 
difference between the two weighings represents organic 
matter and carbon. Lime, iron oxide, phosphoric acid, 
and magnesia are determined in the filtrate by the methods 
described in the preceding paragraph. Carbonic acid may 
he determined by § 13, and from this calcium carbonate 
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mary be calculated. Fron^ a knowledge of the amount of 
calcium carbonate preseixt, the sugar-refiner determines 
the quantity of hydrochloric acid which he must add to 
the char in order to remove this salt without dissolving 
the phosphate of calcium. 

Bone char frequently contains sulphides of calcium and 
iron ; the total quantity of sulphur present in a sample of 
bone char may be determined by fusing with equal parts 
of soda and nitre, and boiling the fused mass with water, 
when the whole of the sulphur goes into solution as sul- 
phuric acid. The solution also contains phosphoric acid ; 
this is removed by precipitation with magnesia mixture ; 
the filtrate is rendered slightly acid, mixed with calcium 
chloride, made alkaline with ammonia, and the sulphuric 
acid is determined according to § 53. Or, the char may be 
boiled with potassium carbonate, and the sulphuric acid 
determined in the filtrate. Another portion is acidified 
with hydrochloric acid, and the sulphuretted hydrogen 
evolved is determined by passing into ferric chloride and 
titrating the ferrous salt with permanganate. 

§ 86. 
Phosphoritey Coprolite, and Superphosphates. 

Phosphorite and coprolite are naturally-occurring phos- 
phates; superphosphate is produced artificially from these 
minerals. The estimation of phosphoric is the maiii 
object in the technical analysis of these substances. In 
plvosphorite this acid chiefly exists as a calcium salt, 
partly also in the form of iron and aluminium salts. The 
finely-powdered mineral is heated with hydrochloric acid; 
the greater part of the acid is removed by evaporation 
in a porcelain dish. When the liquid has become, thick, 
and of the consistence of syrup, it is diluted and filtered 
from the insoluble silica, which is washed with hot water 
containing hydrochloric acid. The slightly-acid filtrate is 
mixed with an excess of sodium acetate, whereby the iron 
and aluminium are precipitated as phosphates. If the 
filtrate is coloured red, it still contains iron ; in this case 

o 
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it mast be boiled and again filtered firom precipitated iron 
phosphate. The phosphoric acid, existing in the filtrate 
as caldnm phosphate, is then determined by titration 
with uranium solution, according to § 50 (inverted 
method). The precipitate containing iron and alnminium 
phosphate, after being washed witii exceedingly dilute 
acetic acid, is dissolved in hydrochloric add, r^uced by 
means of sodium sulphite, the iron and aluminium pre- 
cipitated by addition of potash and a few drops of 
sodium silicate solution, the filtrate acidified with hydro- 
chloric acid, saturated with sodium acetate, and tbe 
phosphoric acid determined by titration with uranimn 
solution. 

The total quantity of phosphoric acid, as also that com- 
bined with iron and aluminium, is ascertained by tbis 
method. The lime may be determined, if desired, by 
precipitation as oxalate, after removing phosphoric acid 
and iron oxide. 

The phosphoric acid in coprclites may be determined 
by the same method. In order to remove organic matter 
it is advisable to heat the mineral in a porcelain crucible 
along with three times its own weight of a mixture of 
equal parts of dry soda and nitre before evaporating with 
hydrochloric acid. Coprolites generally contain much 
less iron than is found in phosphorite. 

Many processes have been proposed for determining 
the total quantity of phosphoric acid in phosphorite by » 
simple experiment; the most accurate is that in which 
the acid is precipiiiited by adding ammonium molybdate 
to the acidified solution. This process is, however, some- 
what tedious, and is not therefore generally employed by 
the technical chemist.^ 

By adopting the following process the phosphoric acid 
and lime may be both determined by one precipitation: 
The solution of phosphorite in hydrochloric acid is mixed 

' " It has been proposed by Macagno to reduce the precipitated 

ammonium phospho-molybdate by means of zinc and add, and to 

titrate the solution so obtained with standard permanganate. The 

test experiments show a maximum error of 0*5 per cent of the 

phosphoric acid present." — Tr. 
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with oxalic Acid, a little tartaric acid is added, followed 
by addition of excess of ammonia to the warm liquid. 
The whole oiF the lime is thus precipitated as oxalate, 
while iron and aluminium remain in solution. A quantity 
of " magnesia mixture" sufficient to precipitate the whole 
of the phosphoric acid is then added without previous 
filtration. The precipitate is collected, washed with 
warm ammoniacal water until the washings are free from 
oxalic acid, and dissolved in hydrochloric acid. The 
liquid is made up to a determinate volume (200 cb.c, for 
instance), and divided into two equal portions. From 
one half oxalic acid is removed by addition of chlorine 
water or sodium h3rpochlorite, and phosphoric acid is 
determined therein by § 50 (inverted method). The 
other half is titrated with permanganate, and from the 
oxalic acid found the amount of lime is calculated. This 
method is especially to be recommended when the phos- 
phoric acid determination is the main object of the 
analysis, and when iron- and aluminium are present in 
small quantities only. If much iron be present, it 
becomes necessary to add a large quantity of tartaric 
acid, and the precipitation of phosphoric acid by means of 
magnesia mixture is not then complete. 

In superphosphates the greater part of the phosphoric 
acid is contained as a soluble phosphate. A weighed 
quantity is rubbed in a mortar with cold water, the solu- 
tion is filtered,^ the filtrate is transferred to a litre flask, 
which is filled to the mark with water, and an aliquot 
portion is withdrawn; an excess of sodium acetate is 
added, any precipitate of iron or aluminium phosphate 
which may form is filtered off and treated as already 
directed, and the filtrate is titrated against standard 
uranium solution. If it be desired to estimate the phos- 
phoric acid remaining in the insoluble portion of the 
supei-phosphate, the process described under phosphorite 
is applicable. 

The so-called "reduced phosphates" may be determined, 
according to Fresenius, by digesting the washed residue 

^ Some chemists wash the residue with hot water. — Tv. 
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r for half an hour with aramooinm citrate, filtering a 
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Commercial Alums and AlanuniiLm Salta. 

The alums wliieh art- of commercial impoi-tsnce ue 
those of potanh, ammoDia, iron, and chromium. 

In an alum analysis, determinations of the sesqnioxide) 
(of aluminium, iron, chromium), of the sulphTirie acid, sai 
'«f the alkalies, are required. It is sometimes also neces- 
iaaiy to estimate impurities — for instance, oxide of iron 
in potash alum. 

Sulphuric acid is determined by dissolving a weighed 
luantity of the alum in hot water, acidifying with hydro- 
uiloric acid, and precipitating by addition of stronUmn 
filtrate and alcohol, as directed in § 14, or the proeeffl 
detailed in § 53, c, may be adopted. In a second portion 
alumina may be determined by the process given in 1 51- 

Fotash may be determined by precipitating the sesqui- 
oxides by means of ammonium sulphide, from a solntiM 
in hot water, washing, dissolving the precipitate in 
hydrochloric acid, diluting, re precipitating with amnu>- 
mum sulphide, and filtering. The two filtrates are then 
mixed, the liquid is acidified with sulphuric acid, boiled 
until the sulphur has all separated, filtered, and evapo- 
rated to dryness in a weighed platinum dish ; the residue 
is ignited and weighed as potassium sulphate. 

Or the solution of the alum is acidified with acetic 
acid, the aluminium is precipitated by addition of ammo- 
nium phosphate, the liquid is filtered, and made up U 
300 cb.c. ; the phosphoric acid is removed from 100 cb.ft 
by adding ferric acetate to the boiling li(iuid, and the 
potassium is precipitated in the filtrate as tartrate. 
according to g 12. In this process the aluminium is 
obtained, free from alkali, in the form of phosphate. 

The general opiuiou nmoDg analytical cheraiste seemB to be tint 
this process, <ib indeed all processes for determining "I'edDCed """"* 
pbates," ia altogether fallacious. — TV. 
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The general method detailed in § 65 for the estimation 
of alkalies is very applicable in the analysis of alums. 
In carrying out this process the alum is dissolved in hot 
water, an excess of baryta water (free from alkali) is 
added, carbon dioxide is passed through the liquid, and, 
after filtration, potash is determined according to § 8. 
I have convinced myself by experiment that the carbonate 
of barium, after washing with water, retains none of the 
alkali. Ammonia may be determined in an alum by 
boiling with potash, and proceeding according to § 11. 

Iron and chromium alums are analysed by processes 
similar to those just described ; iron is reduced by means 
of zinc in sulphuric acid solution, and determined accord- 
ing to § 19. Chromium is determined by precipitation as 
barium chromate, according to § 26 or 27, after fusing 
the dry alum with sodium carbonate and potassium 
chlorate, or after boiling the solution with potash and 
bromine. 

The foregoing processes are applicable to the analyses 
of burned alums. Of the other aluminium salts occurring 
in commerce, the most important are the sulphate and the 
acetate. 

The determination of alumina is the main point in the 
analysis of these salts; in the case of the former salt the 
estimation of free sulphuric acid is also of importance. 
A solution of commercial sulphate of alumina in hot 
water contains the whole of the alumina and sulphuric 
acid; if there be any residue insoluble in water, its weight 
may be determined, but, generally speaking, it is not 
necessary to analyse it, at any rate not quantitatively. 

Alumina is determined by § 51, attention being paid to 
the directions there given in the event of considerable 
quantities of iron being present. The total amount of 
sulphuric acid is determined by § 53. If no sulphates 
other than sulphate of aluminium be present, it is only 
necessary to calculate the aluminium found to sulphate— 
AI23SO4 (AI2O33SO3) — ^and to deduct the amount of sul- 
phuric acid required from the total acid found, in order to 
obtain the amount of free sulphuric acid. In the event 
of other sulphates being present, the process TCiaj^ \i^ 



modiijed as follows:' The aluminium sulphate is converted 
into potash alum by adding half as much pme potassiimi 
sulphate as the weight of ^e substance taken, dissfdvin^ 
the whole in water, and evapoi-ating to 20 or 30 cb.c. A 
volume of alcohol equal to twice the volume of the liquid 
is now added, and after standing for one hour the liquid ia 
filtered from the precipitated potash alum. The fi^e arad 
is determined in the filtrate by titration with half-nonnal 
ammonia. 

A solution of acetate of alumina is sometimes met with 
in commerce. The alumina in such a solution may be 
determiued according to § 51. 

Some samples of acetate of alumina contain only 
acetates of tuuminium and of potassium ; other samples 
contain also sulphate of potassium. The latter predpitate 
a basic double sulphate rich in aluminium. 

It becomes therefoi-e generally necessary to determine 
sulphuric acid in samples of eommei'cial acetate of 
alumina. Inasmuch as the liquid is prepared from potash 
alum by decomposing with lead acetate, it will contain 
one equivalent of potash (KjO) for each equivalent of 
alumina (Al^O,) ; the amount of the latter being deter- 
mined, it is therefore possible to calculate that of the 
former. If the amount of sulphmric acid be also deter- 
mined it ia easy to calculate whether this is more than 
sufficient to combine with the whole of the potash ; if i( 
is, the liquid containa aluminium sulphate in addition to 
potassium sulphate — i.e., it contains undecomposed alma; 
if it is not, potassium sulphate only is present in addition 
to aluminium acetate. 

The sulphuric acid detennination is best effected by 
adding hydrochloric acid, strontium chloride, and an 
equal volume of alcohol to the solution. The precipitated 
strontium sulphate, after washing with alcohol, is tjtrateJ 
according to g H or 53. Acetic acid may be separated 
by distillation, after addition of sulphuric acid, and dete^ 
mined by direct titration in the distillate. 

The iron pi-esent may be determined by the iodometric 

' The sulphates zenemll}] present td commercial sulfdutt 4i 
■•ihiniina ate those of mngneaium, potaasmin, and calcium, 
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process of § 38; or the liquid may be mixed with tartaric 
acid» ammoiua added in excess, and the iron precipitated 
as sulphide by addition of ammonium sulphide. The 
precipitate, after washing, may be dissolved in sulphuric 
acid, the sulphuretted hydrogen removed by boiling, and 
the iron (after reduction of any traces of ferric salt) deter- 
mined by permanganate. 

§88. 
Chrome Iron Ore. 

■ 

The main constituents of this mineral are chromium 
oxide and ferrous oxide, with a little alumina and mag- 
nesia. A technical analysis generally seeks to determine 
the quantities of chromium and iron. About 1 gram of 
the very finely-powdered mineral is mixed with 8 parts 
of fused borax in a platinum crucible, which is then 
heated to full redness for half an hour, the contents of the 
crucible being shaken up from time to time. Dry potas- 
sium or sodium carbonate is then gradually added until 
the mass ceases to effervesce; from time to time small 
quantities of potassium chlorate are added, and the 
heating is continued until the mass fuses quietly and is of 
a yellow colour throughout. After cooling, the chromate 
of potassium is dissolved in hot water, the solution is 
mixed with a measured volume of standardised ferrous 
sulphate solution, and the residual ferrous salt is deter- 
mined by titration with permanganate (§ 26). If the 
presence of undecomposed potassium chlorate (or hypo- 
, chlorite) be suspected in the liquid obtained by treating 
the fused mass with hot water, it is better to precipitate 
the chromic acid by addition of barium chloride or lead 
acetate, and to proceed according to § 27. 

Iron may be determined by dissolving the fused 
. residue, insoluble in Water, in sulphuric acid, reducing 
ferric to ferrous salt by means of zinc, and titrating with 
permanganate. If necessary, the magnesia may also be 
determined in this residue by dissolving in hydrochloric 
acid, adding tartaric acid and excess of ammonia, and 
precipitating by addition of ammonium phosphate (§ 52). 
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Commercially-important Chromates. 

Certain chromates are employed as colour- 
the most important are the chromates of potassiuQ^ 
and copper. The method for estimating chromic acid iii 
the two former salts ha.? been already described "" "~ 
and 27). 

In the case of tlie copper salt, a fineiy-powdered and 
weighed qnautity is boiled with caustic potash until the 
residue is black, the liquid ia filtered, and after -washiitg 
the residue with hot water, is acidified with snlpharie 
acid, and chromic acid ia determined according to § 2B. 

Copper may be determined by dissolving the blaek 
residue in hydrochloric acid, and precipitating as cuproiu 
oxide by means of gi'ape-sugar after addition of potash 
and tartaric acid (g 22). 

Lead may be determined in lead chromate by digesting 
with sulphuric acid and dilute alcohol at a gentle hea^ 
filtering, washing with dilute alcohol until a drop of Hu 
washings ceases to leave a green residue when evaporated 
on platinum foil, decomposing the lead sulphate by meaux 
of potassium carbonate, and determining the lead car- 
bonate, after careful washing with hot water, in accord- 
ance with g 8. 

Potassium ia most easily determined in the cliromata 
of this metal by precipitating the chromic acid as lead' 
chromate, filtering, removing the lead by addition ol 
aulphuretted hydrogen, and precipitating the potassium M 
tartrate (g 12). Or the salt may be iSssolved in water, 
the chromium precipitated by ammonia after reduction 
by means of hydrochloric acid and alcohol, the filtrate 
evaporated to dryness in a platinum dish, and the 
residue ignited and weighed as pota.ssium chloride. 

Potassium chromates usually contain small quantities 
of snlphuric acid, which is best determined by preoijd- 
tation and weighing as barium sulphate in the acidified 
solution. Or a measured quantity of standardised baiium 
chloride solution may be added to the solution of the 
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chrctoate contaitiing a little 'nitric acid, followed by addi- 
tion of excess of ammonia. The amount of chromic acid in 
the precipitate which forms is then determined, and is cal- 
culated to barium chromate ; by deducting the amount of 
barium so used from the total barium chloride added a 
residue is obtained representing barium combined with 
sulphuric acid, and from this the amount of the acid itself 
is readily deduced. 

§ 90. 

Manganese Estimation. 

The value of a sample of manganese ore is dependent 
upon the quantity of available oxygen which it contains. 
The amount of oxygen yielded by manganese ores when 
heated is not always the same as that obtained by the 
action of acids and reducing agents upon the same ores. 
By the quantity of available oxygen is generally under- 
stood the amount of oxygen contained in the ore over and 
above that required to form manganous oxide (MnO). 
For the determination of this available oxygen the method 
described in § 23 may be adopted. Inasmuch, however, 
as many manganese ores contain oxides of manganese 
other than the peroxide, accompanied with oxides of iron, 
aluminium, &c., and also varying quantities of moisture, 
it is necessary that the estimation of available oxygen 
should be preceded by certain preliminary determin- 
ations. 

In the analysis of manganese ores great care must 
be taken to obtain a fair average sample of the whole 
quantity. At least 100 grams should be reduced to 
tolerably fine powder in an agate mortar, and 10 grams of 
this quantity should be again more finely powdered, and 
placed in a well-stoppered tube. A weighed portion is 
dried at 100° for 6 to 8 hours, or at 120° for an hour and 
a half; the whole of the hygroscopic moisture is thus • 
driven off, unaccompanied by any of the water of hydra- 
tion. The process of § 28 may then be carried out 
with another portion of the ore. The reduction by 
means of ferrous sulphate is most readily iperfoTm^^ ^ty 
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flask fitted with a cork and exit tube which dips 
beneath the surface of boiled water. On withdrawing 
the source of heat front underneath the flask, the water 
mshes back. 

Pyrolusite often contains manganese sesquioxide 
(Mn^Og) in addition to peroxide (MnO^). In order to 
determine tlie quantities of each oxide, an estimation 
of the total amount of manganese is neeessaiy. In tie 
absence of manganous oxide (MnO), this may be 
effected by the method of Mohr. The available oxygfin 
ia determined in a portion of the sample. Another por- 
tion is heated to redness for fifteen minutes or so in i 
platinum crucible ; the whole of the manganese is thus 
converted into manganoso-manganic oxide (Mn,0^}. By 
-titrating tho ignited residue with ferrous suliSiate, tM 
amount of manganese may be found. 

Mn^Oj + 2Fea04 + 4H,S04 = SMnSO, + FejSSO, + 4H,0. 

2 equivalents of ferrous converted into ferric sulphate 
correspond to 3 equivalents of manganous oxide (MnO^ 
The amount of oxygen required to convert the whole of 
the manganous oxide into sesquioxide is then found (to 
is done by multiplying the manganous oxide by ■?j), and 
this ia deducted from the total available oxygen as previ- 
ously determined. The residue is noted ; the quantity of 
manganese sesquioxide (Mn^Oj) which this residue ia 
capable of transforming into peroxide (MnOo) is calculated; 
the sesquioxide thus found is deducted from the total 
sesquioxide already determined; the difference represents 
the quantity of sesquioxide in the sample. 

It is often necessary to determine the amount of 
chlorine which is liberated by the action of a sample of 
manganese ore upon hydrochloric acid. For this purpose 
Mohr's apparatus (Fig. 14) ia employed. The samp^ i* 
placed in the small balloon along with an excess of strong 
pure hydrochloric acid ; the exit-tube is somewhat nar- 
rowed at the orifice, and is from 320 to 340 millims. in 
length and from 25 to 30 millims. in width, The lai;gQ test- 
tube, into which the exit-tube passes, contains a solutioo 
of potassium iodide. The liquid in the flask is ' " ' 
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1 iodide may be placed in tlie largo test-tnbe, the 
.ratus may be arranged as before, and the heating 
inued. 

le method described in g 38 may also be adopted for 
determination of the amount of available chlorine ; 
Mohr's method, as just desci-ibed, is to be preferred. 
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§91. 

Analysis of Iron Ores. 

The examination of an iron ore generally consists in 
the determination of iron, alumina, and phosphoric addJ 

The iron may be obtained as ferrous salt, and deter- 
mined by titration with permanganate (§ 19), or it may 
be brought into solution as ferric salt, and determined hj 
means of a standardised stannous chloride solution in the 
presence of potassium iodide and a little starch; or,lasUy, 
the iron may be determined by warming with potassium 
iodide, as described in § 38. 

If the ore contain only ferric salts, the iodometric 
method is te be preferred, because it admits of the use of 
hydrochloric acid as a solvent, and does not necessitate a 
reduction of the iron salt. If ferrous and ferric salts are 
both present, I prefer titration with permanganate, inas- 
much as it is easier te obtain a pure solution of ferrous 
salt, than a solution of a ferric salt which shall be free 
from chlorine and nitric acid. 

Most iron ores contain both ferrous and ferric salts; the 
oxydimetric method is therefore generally employed. 
The ore is dissolved in warm sulphuric acid, silica is 
removed by filtration, the iron is reduced by means of 
l^ure zinc, and titrated as directed in § 19. 

Magnetic iron ore contains ferrous and ferric oxides. 
The amount of the former may be determined by dissolv- 
ing a weighed quantity in warm sulphuric acid, with 
addition of crystals of sodium bicarbonate. The tetal 
iron may be then determined in a fresh quantity, and the 
ferric oxide calculated from the two results. 

Hcematite usually contains ferric oxide, water, and 
gangue. The water is determined by heating a portion 
in a bulb of hard glass in a current of air which has been 
dried by means of calcium chloride. The loss represents 
water. The residue in the bulb may then be heated in 
hydrogen, the iron so obtained dissolved in sulphuric 
acid, and determined by titration with permanganate. 
If the sample contain phosphoric acid, carbonic acid, 
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&c., it is better to Mopt the method to be described for 
the analysis of brotvii iron ores. 

Brown iron ore should be dried in an exsiccator for a 
considerable time before analysis. Water is detennined 
in the sample by heating a weighed portion in a tube 
containing lead carbonate, and connected with a weighed 
calcium chloride tube. The portion of the tube nearest 
to the closed end should contain only lead carbonate, the 
central part the same salt mixed with the sample, and the 
anterior part a layer of lead carbonate alone. The heating 
is carried out in a gas furnace; heat is first applied to the 
part of the tube nearest the orifice.^ If carbonic acid be 
absent, water may be determined by noting the loss of 
weight which the sample suffers when ignited. 

5 grams of the sample, dried in an exsiccator, are 
evaporated to dryness with hydrochloric acid ; the silica 
is collected and weighed. In a poiiiion of the filtrate iron 
is determined by § 38; in another portion phosphoric acid 
is determined by § 50, after separation from iron and 
alumina by § 57. Sulphuric acid, if present, is determined 
by saturating a considerable portion of the solution with 
sodium acetate, boiling, filtering, and proceeding, after 
acidification, according to § 53. 

Alumina, after separation from iron and phosphoric 
acid by § 57, is determined in accordance with § 51 ; it 
may also be determined by § 65. 

Lime and magnesia, if present, may be separated and 
determined as described in § 65. 

Manganese may be determined as described in the 
preceding paragraph, after conversion into manganoso- 
manganic oxide (MugO^), by strongly heating a portion of 
the ore. K organic matter be present, the sample should be 
heated gently, then moistened with nitric acid and heated 
again ; reduction of the iron oxide is thus avoided. 

Bog iron ore is analysed by the method just described 
for the brown ores. Organic matter and water may be 
determined by gently heating a portion in an open 
platinum crucible and noting the loss. 

^ The lead carbonate is prepared by heating a quantity of the pure 
salt to incipient decomposition, and cooling in an exeiccskX^T. 
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The total iron in spathic iron ore is determined by 
[lermanganate, after solution in dilute sulphuric acid. 
Another larger portion of the. solution is made slightly 
alkaline by addition of ammonia, saturated with sul- 
phuretted hydrogen, acidified with a considerable quan- 
tity of acetic acid and boiled; the manganese remsins in 
solution, whik' most of the iron is precipitated. ITie 
manganese is precipitated in the filtrate by addition of 
sodium hypochlorite, and determined as already described 
(compai-e g 65). 

Lime and magnesia are best determined in spathic ores 
by dissolving a portion of the ore in hydrochloric acid, 
removing iron and manganese by addition of ammonia 
and ammonium sulphide, and proceeding according to 
§65. 

Carbonic acid is determined by § 13. 

§92. 
Iron Pyrites. 

Iron ]>jrites is used in the manufacture of oil of vitriol, 

■ecu viliiul, and of sulphur. It usually contains, in 

[ition to leiric sulphide, sulphides of copper, arsenic, 

antimony, and frequently also sulphides of zinc and 

For technical purposes, determinations of 

imd of sulphur are usually sufficient, 

weighed portion of the fineW-powdered substance is 

' in a porcelain crucible with i paits of a mixture — 

' proportions — of sodium carbonate and potassium 

,. , the fu.^ed mass is dissolved in very dilute nitric 

hydrochlorit: acid. Iron is precipitated by boiling the 

Ltion with an excess of potassium carbonate, the pre- 

' ited hydrate is dissolved in sulphuric acid, and the 

is deteimined by means of permanganate. The 

be is acidified with hydrochloric acid, the carbonic 

is expelled by boiling, the liquid is rendered alkaline 

addition of ammonia, and sulphuric acid is determined 

Tlie amount of sulphur in pyrites, and in many 

,tural blendes and sulphides, may be readily deter- 

»y fusing with a mixture of 6 parts potassium 
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chlorate, 4 parts sodium carbonate, and 2 parts common 
salt. K the amount of normal hydrochloric acid required to 
neutralise the sodium carbonate employed has been deter- 
mined, and if the quantity of sodium carbonate employed 
has been carefully weighed, it is only necessary to dissolve 
the fused mass in water, and to titrate with standard 
hydrochloric acid in order to determine the amount of 
sulphur. 

Suppose that the quantity of sodium carbonate used 
requ^id 70 cb.c. normal hydrocMoric acid for neutralisa- 
tion, and suppose that 32 cb.c. were required after fusion, 
the equivalent of 38 cb.c. hydrochloric acid in sulphuric 
acid, = 38 X 49 = 1862 m.gm. HoSO., was formed in the 
process of fusion, the amount or sulphur in the sample 

was therefore -^ = 608 m.gm. (In old notation 

we have 38 x 40 = 1520 m.gm. SO3, and L?A^?^= 608 

m.gm. sulphur.) For 1 gram of pjnites about 4 grams of 
sodium carbonate should be employed. The solution of 
the fused mass may be advantageously made up to a 
given volume, and an aliquot portion withdrawn for the 
titration. The same may be done with the preliminary 
titration of the sodium carbonate employed. 

If arsenic be present in any quantity, the sulphuric 
acid must be removed from the acidified solution by 
addition of barium chloride (§ 14), and determined directly. 
If but little arsenic be present, the sulphuric acid may be 
directly titrated by § 53, with addition of calcium chloride 
to precipitate arsenic acid. 

The whole of the sulphur contained in pyrites is not 
obtained either in the manufacture of sulphur or of sul- 
phuric acid. 

§93. 
Calamine. 

Calamine is composed principally of zinc carbonate, but 
generally contains, in addition, oxides of cadmium, lead, 
iron, calcium, manganese, &c., along with silica. 
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Water is determined by beating a finely-powdered 
portion of tbe mineral to IOC until.it ceases to lose 
weigbt. Tbe dry substance is tben dissolved in dilute 
bydrocbloric acid in a beaker covered witb a watcb-glass; 
the beaker is warmed until the residue of silica appears 
white. The liquid is saturated with sulphuretted hydro- 
gen (cadmium may be determined in uie precipitate by 
§ 65), and filtered ; the filtrate is saturated wim sodiom 
acetate, and the zinc is precipitated as sulphide by passing 
sulphuretted hydrogen into the liquid. The sulphide of 
zinc is washed and treated as directed in § 30. 

The other constituents of calamine may be determined, 
if necessary, by processes which have been already 
detailed. 

§94. 

Zinc Ore. 

The zinc may be determined in this ore by the process 
described in the foregoing paragraph. It is necessary, 
however, to evaporate down with strong hydrochloric 
acid; the ore is a silicate of zinc. 

§ 95. 
Zinc Blende. 

If it be desired to determine zinc only, the finely- 
powdered mineral may be digested with strong nitnc 
acid, filtered, the filtrate boiled down with hydrochloric 
acid, diluted and saturated with sulphuretted hydrogen. 
The remainder of the process is the same as that described 
in §93. 

Sulphur and zinc may be determined in one portion of 
the mineral by fusing with 4 parts of a mixture of sodium 
carbonate and nitre in equal proportions, boiling the 
fused mass in water, and proceeding as described in § 92. 
The residue insoluble in water may be dissolved in 
hydrochloric acid, and the zinc determined in the 
solution. 
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§ 96. 

Galena. 

Galena sometimes contains silver. 

8 to 10 grams of the mineral in fine powder are heated 
in a flask with nitric acid free from chlorine, and the 
liquid is evaporated to dryness. If any dark-coloured 
specks remain, the process is repeated. The mass is then 
covered with dilute sulphuric acid, the residue is collected 
and washed with water containing sulphuric acid ; silver 
is determined in the filtrate by § 47. The residue is 
transferred to a beaker, and boiled for five or ten minutes 
with a concentrated solution of sodium carbonate, whereby 
sulphate is converted into carbonate of lead. The car- 
bonate is collected, washed, and determined according to 
§ 8; or it is dissolved in nitric acid,^ the solution is satur- 
ated with sodium acetate, and the lead is determined by 
§27. 

Instead of converting the sulphate of lead into car- 
bonate, it may be dissolved in excess of ammonium ace- 
tate or tartrate ; the lead may be then precipitated by 
addition of potassium chromate, and determined by § 27. 

Or the general separation method of §§ 64 and 65 may 
be adopted, with digestion after addition of ammonium 
acetate and potassium dichromate. 

(xalenas which contain very little silver are fused in a 
Hessian crucible with 4 parts of soda and J part of nitre. 
The regulus thus produced is dissolved in nitric acid, the 
lead is precipitated by addition of sulphuric acid, and the 
silver is determined in the filtrate. 

§97. 
Copper Ores. 

The ores of copper may be divided into two classes — 
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mdes and milphldes. The former contain protoxide or 

^ If the lead does not completely dissolve, either the boiling with 
»odiam carbonate has not been sufficiently prolonged, or the precipi- 
tate has not been washed completely. 
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])eroxide of copper, associated with varying quantities of 
different acids ; the latter not unfrequently contain sul- 
phide of arsenic and other metallic sulphides along with 
copper sulphide. The most important ores of copper 
belonging to the first class are red copper ore (cuprous 
oxide), and malachite and azurite (basic carbonates). 

Of those ores which contain sulphide of copper, the 
most common are copper glance (cuprous sulphide), copper 
pyrites (cuprous .sulphide with ferrous sulphide), and 
faJd ore (containing sulphides of antimony and arsenic, 
and frequently of many other metals). 

Determination of the copper is the main point in the 
technical analysis of these minerals. This may be 
effected in the case of those ores which contain the copper 
as oxide, by warming a portion of the finely-powdered 
mineral with tolerably strong hydrochloric acid until it is 
thoroughly decomposed, filtering from silica if necessary, 
nearly neutralising with sodium carbonate, boiling with 
sodium sulphite until the iron is reduced to ferrous 
chloride, and precipitating the copper as sulphocyanide 
by addition of potassium sulphocyanide. 

The precipitate, after being washed until the washings 
cease to colour potassium ferricyanide solution blue, is 
removed from the filter and boiled with caustic alkali; 
the precipitated cuprous oxide is collected and washed; 
the copper is then determined according to § 22. 

Or the following process may be adopted. The mineral 
is dissolved in sulphuric acid — lead sulphate is removed 
by filtration, if necessary, — the solution is partially 
neutralised by addition of ammonia, stannous chloride 
containing ammonium chloride is added until a drop of 
the liquid ceases to give a red colour with an acidined 
solution of potassium sulphocyanide, and the copper is 
precipitated as cuprous iodide by addition of potassium 
iodide. After complete washing, the precipitate is boiletl 
with an excess of ferrous sulphate until the whole of the 
iodine is expelled; the copper is then determined by 
means of permanganate (§ 22). 

If . lead be absent, the mineral may be dissolved in 
/ijdrochloric instead of axil^^huric acid. If silver be 
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present, it is advisable to dissolve in sulphuric acid, with 
addition of a little hydrochloric ; to warm this residue 
with nitric acid, to add excess of ammonia, and after 
filtration to precipitate the silver by addition of sulphur- 
etted hydrogen, and to proceed as directed in § 47. 

Copper may be determined in those minerals in which 
it exists in the form of sulphide, by fusing one part of the 
finely-powdered substance with 5 parts of potassium 
chlorate, 4 parts of sodium carbonate, and 3 parts of 
sodium chloride in a porcelain crucible, boiling the fused 
mass with water (sulphuric acid may be determined in 
the solution), dissolving the residue in hydrochloric acid, 
and after removing lead by addition of sodium sulphate, 
precipitating the copper as cuprous iodide or sulpho- 
cyanide. Silver, if present, will be found in that portion 
of the fused mass which was insoluble in hydrochloric 
acid ; it may be determined by treating this residue with 
nitric acid, ammonia, &c., as already directed. The pro- 
cess of fusion occupies about ten minutes ; care must be 
taken to mix the materials of the flux in the proportions 
stated above. 

§ 98. 
Tin Ore. 

The mineral, after being finely powdered, is heated to 
fusion in a covered porcelain crucible, with six times its 
own weight of a mixture of equal parts of dehydrated 
sodium carbonate and flowers of sulphur. Fusion is con- 
tinued until the whole of the free sulphur is burned 
away; the mass is then dissolved in hot water. The liquid, 
after filtration, contains the whole of the tin in the form 
of sodium sulphostannate : it is boiled with addition of 
bromine or sodium hypochlorite, in order to oxidise the 
greater part of the sulphur, mixed with a little ammonium 
sulphide, and acidified with hydrochloric acid. 

The precipitated stannic sulphide, mixed with free 
sulphur, is collected and washed, first with sal-ammoniac 
solution, then with carbon disulphide; when the disulphide 
has evaporated, the precipitate is d\?^?^o\ved vcl fema 
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chloride solation, and the tin is determined in accordance 
with § ^K). If the tin ore shoold contain estimable quan- 
tities of arsenic and antimony, the method of separation 
described in § 63 must be adopted. 

§99. 
Cinnabar. 

Determination of mercury only is required in the 
technical analysis of cinnabar. The minenil is dissolved 
by warming with concentrated hydrochloric acid, with 
addition from time to time of small quantities of potas- 
sium chlorate. Or the ore may be brought into solation 
by heating it with excess of concentrated caustic potaRh 
solution and bromine water for some time, and then 
acidifying with hydrochloric acid. The solution is heated 
with addition of sodium sulphite until the smell of 
sulphur dioxide is apparent, ferrous sulphate solution is 
added, the liquid is saturated with caustic soda, and again 
acidified, after a few minutes, by addition of SulphBric 
acid ; the whole of the mercury remains undissolved as 
mercurous bromide or chloride. The residue is washed 
with water containing a little sulphuric acid, until it is 
perfectly white, and the mercury is determined iodo- 
metrically by the process of § 40. 

Appendix to § 99. 

J. B. Hannay has described a very accurate and easy method of 
detemiining mercury volumetrically.* The cinnabar is dissolved in 
aqua regia, the solution is diluted, filtered if necessary from undfe- 
solved sulphur, neutralised by addition of caustic potash, and mixed 
with a few drops of ammonia. A standardised solution of potaasiuni 
cyanide is then run in until the precipitate is completely dissolved. 
In order to determine the exact point of solution of the last trace of 
precipitate, light is caused to pass into the liquid through a bulb 
tilled with water, and placed close to the vessel in which the opera- 
tion is carried out. So long as the smallest particle of solid matter 
is suspended in the liquid, the path of the rays can be traced throuffli 
the vessel; the instant that the last particle of solid is dissolved, % 
lines of light in the liquid disappear. The cyanide solution ^» 
«tandardised against pure mercuric chloride. — 7V. 

^ Chem. iSfoc. J. (2), xL 565. 
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§ 100. 

Estimation of Arsenic and Antimony in Minerals. 

Arsenic and antimony very frequently occur in the 
natural metallic sulphides, especially in fahl ore, pyrites, 
lead glance, zinc blende, &c. 

The same elements form the principal constituents of 
certain minerals, such as kupfer nickel, speiss cobalt, &c. 

Antimony appears to accompany arsenic only in 
sulphur-containing minerals. The method for deter- 
mining arsenic and antimony in those minerals in which 
they occur differs somewhat from that already described 
in i 35 and 36. 

The mineral is finely powdered, and decomposed by 
means of fuming nitric acid added in small successive 
portions, or by treating with excess of caustic potash 
along with bromine water. The former method is 
specially applicable when the mineral contains but little 
arsenic; it is more easy to oxidise the sulphur completely 
by the second method. 

The whole of the sulphides of the metals of the fifth 
and sixth groups may be decomposed by treatment with 
caustic potash and bromine or chlorine; the more negative 
the metal, the more quickly is the action accomplished. 

The decomposed mineral is brought into solution by 
addition of a mixture of hydrochloric and tartaric acids ; 
the liquid is filtered, if necessary, from lead and silver 
chlorides, boiled with sodium sulphite in order to reduce 
the arsenic to arsenious oxide, and saturated with sul- 
phuretted hydrogen gas. 

Arsenic and antimony are thus precipitated as sulphides 
along with the metals of the fifth and sixth groups. 

Tlie precipitate is allowed to settle, the supernatant 
liquid is decanted, and the residue is warmed with con- 
centrated hydrochloric acid. 

Everything is thus dissolved excepting the sulphides 
of arsenic and copper. The arsenious sulphide is dissolved 
in ammonium carbonate, and the solution is treated as 
directed in § 63. 
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Antimony may be separated from those metals which 
accompany it in the solution in hydrochloric acid, and 
determined according to § 63. 

If the alkaline liquid be made strongly acid by means 
of hydrochloric acid, the arsenic reduced to arsenious 
oxide by sodium sulphite, and the liquid be rapidly 
saturated, at 50° to 60° with sulphuretted hvdix)gen, a 
precipitate is obtained containing the whole of the 
arsenic, but free from antimony (lead, cadmium, tc). 
The precipitate may then be treated with ammonium 
carbonate, &c. 

In the estimation of arsenic in minerals containing 
much copper, it is advisable to precipitate the copper as 
sulphocyanide, after reducing with sodium sulphite, before 
passing sulphuretted hydrogen into the liquid. 

The other metals in arsenical minerals may be separ- 
ated and determined by the general method of § 65. The 
mineral is dissolved in concentrated nitric acid (silica, 
alumina, &c., are filtered off), the solution is boiled down 
with hydrochloric acid, diluted, and saturated with sul- 
phuretted hydrogen. The precipitate is treated with 
ammonium sulphide, fcc. 

S 101. 
Estimation of Bismuth. — Tr. 

In § 27 a method for determining bismuth has been 
described, based upon the facts that neutral bismuth 
solutions are precipitated by addition of potassium chro- 
mate or dichromate, and that the chromate of bismuth so 
I)roduced, when brought into contact with a fen'ous salt, 
converts it into ferric salt. 

The translator has shown ^ that the final point in the 
precipitation of bismuth by means of potassium dichro- 
mate may be deteimined by bringing a drop of the super- 
natant liquid into contact with a drop of silver nitrate 
solution spotted upon a white slab. 

The bismuth may be separated from other metals by 
the general method of § 65. 

^ CAem. Soc. J., vol. 1., 187(S, p. 48^, Mid vol. L, 1877, p. 658. 
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A solution of potassium dichromate is prepared by 
dissolving 5 grams or so of the recrystallised salt in 1000 
cb.c. of water. A quantity of pure bismuthous oxide 
(BioOg) is dissolved in the minimum quantity of nitric 
acid, and sodium acetate is added in quantity sufficient 
to dissolve the precipitate which first forms. A large 
excess of the acetate is to be avoided. The solution 
is made up to a known volume, an aliquot portion 
is heated to boiling, and the potassium dichromate 
solution is run in from a burette in successive small 
quantities. The liquid is boiled for one or two minutes 
after each addition of dichromate: the precipitate is 
allowed to settle, and a drop of the supernatant liquid is 
brought on to a white slab, and is there mixed with a 
drop of neutral silver nitrate solution. The production 
of a faint pink colour shows that a sufficient quantity of 
dichromate has been added. From the mean result of 
several determinations the value of the dichromate, in 
terms of bismuth or of bismuthous oxide, is deduced. 

In using the standardised dichromate solution the 
s£tnie process is followed. The bismuth is precipitated 
as oxychloride or as mixed oxychloride and other 
salts, the precipitate is dissolved in the smallest pos- 
sible quantity of nitric acid, sodium acetate is added, 
and the dichromate is run in until precipitation is 
complete. 

A better process than the foregoing for the estimation 
of bismuth has been lately devised by the translator. 

Bismuth is completely precipitated from solutions con- 
taining free acetic acid by means of sodium phosphate. 
The precipitate has the composition expressed by the 
formula BiPO^. The solution containing bismuth, which 
must be free from hydrochloric or sulphuric acid, is 
mixed with a considerable excess of sodium acetate, the 
liquid is heated to boiling, and a measured volume (excess) 
of standardised sodium phosphate solution is run in. 
After boiling for a few moments, the liquid is filtered into 
a measuring flask, the precipitate is well washed with 
hot water, the contents of the flask are made up to the 
mark, and phosphoric acid is determined in a\i %.^q^<^\. 



232 A SYSTEM OF VOLUMETRIC ANALYSIS. 

portion according to the inverted uranium process of 
§50. 

The sodium phosphate solution used may be of any 
convenient stren^h, provided the relation between it an^ 
the standard uranium liquid be determined. A jV"^<>rm^ 
phosphate solution (35*8 grams to 1000 cb.c.) is convenient 
1 cb.c. of such a solution predpitates 21*0 m.gm. of 
bismuth. It is preferable to employ sodium phosphate 
rather than microcosmic salt as precipitant. The titmtion 
with uranium may be carried out without filtration from 
precipitated bismuth phosphate, but the method recom- 
mended above gives rather more accurate results. 

If bismuth be separated from other metals by the 
method given in the table, pp. 168, 169, the precipitate 
must be dissolved in nitric acid and boiled down repeat- 
edly, with addition of the same acid, until all traces of 
hydrochloric acid are removed, before precipitating with 
sodium phosphate. 

§ 102. 
Analysis of Alloys. 

a. Copper-Zinc Alloys (Brass, Tomhac, dkc). 

The alloy, hammered or rolled into a thin sheet, is dis- 
solved by warming with moderately concentrated nitric 
acid. If a residue (stannic oxide) remain, it is filtered 
off. The solution is mixed with sal-ammoniac, and 
saturated with ammonia, in order to precipitate lead and 
iron. After filtration, the liquid is divided into two 
portions. In one portion copper is determined by the 
process of § 22. The other portion is saturated with sul- 
phuretted hydrogen and filtered ; the filtrate is mixed 
with an excess of sodium acetate, and again saturated 
with sulphuretted hydrogen. The precipitated zinc sul- 
phide is treated according to § 30. 

Or § 65 may be followed, the copper being precipi- 
tated as sulphocyanide, and the zinc as sulphide in the 
filtrate. 
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b. Copper-Tin Alloys {Bronze, Gun Metal, Bell Metal). 

The alloy is warmed with tolerably concentrated nitric 
acid. The greater part of the copper goes into solution, 
while the tin remains as stannic oxide. The residue is 
digested for some hours with sodium polysulphide, or with 
liver of sulphur to which a small quantity of flowers of 
sulphur has been added; the solution containing the 
Avhole of th^ tin is filtered ; the residue is washed with a 
dilute solution of sodium sulphide, and dissolved in nitric 
acid; the liquid so obtained is added to the original 
solution of the alloy in nitric acid, and the copper is 
determined by § 22. The solution containing the tin as 
sulphostannate is acidified with hydrochloric * acid, the 
stannic sulphide is collected, washed with sal-ammoniac 
solution, and treated in accordance with § 30. 

Another and easier process consists in dissolving the 
alloy in hydrochloric acid with addition of poi^assium 
chlorate, adding an equal bulk of hydrochloric acid diluted 
with 5 parts of water, boiling, and precipitating the copper 
as sulphide by passing in sulphuretted hydrogen; filtering, 
neutralising the free acid in the filtrate by addition of 
ammonia, and precipitating the tin with sulphuretted 
hydrogen. ^ ^ ^ ^ 

Or the solution of the alloy may be neutralised with 
ammonia and saturated with yellow ammonium sulphide, 
whereby the copper is precipitated while the tin remains 
in solution. 

c. Copper-Zinc-Nichel Alloys (Nickelsilver, cfec). 

The alloy is dissolved in nitric acid, the solution 
is partially neutralised with ammonia, warmed, and 
saturated with sulphuretted hydrogen. The precipitate 
is dissolved in nitric acid, or in hydrochloric acid with 
addition of bromine or potassium chlorate, and copper is 
determined in the solution by § 22. The filtrate from the 
precipitated copper sulphide is mixed with a large excess 
of sodium acetate, and zinc is precipitated by means of 
sulphuretted hydrogen (§ 30). If the pT^(ivgv\fii.\fcdL ^\i^- 
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phide be dark-coloured, it most be ledissolved in hydio- 
chloric acid with addition of a few drops of nitric add, 
and the zinc again precipitated, after addition of sodium 
acetate. The nickel, which now atone remiuns in solution, 
is determined according to .§ 24. 

The general process of § 65 may be advantageously 
followed in the analysis of nickel silver, the copper being 
precipitated as sulphocyanide. 

d. Copper-Silver Alloys (Silverplate arid Silver Coins). 

The solution of the alloy in nitric acid free from 
chlorine is diluted and mixed with hydrochloric add, 
whereby the silver is thrown down as chloride. Gentle 
warming and repeated shaking of the liquid promote the 
separation of the precipitate. After filtration, copper is 
determined by § 22. The precipitate is dissolved in 
ammonia, the silver converted into sulphide by addition 
of ammonium sulphide, &c., as directed in § 47. K it be 
desired to determine the silver only, the method described 
towards the end of § 47 is applicable. 

e. Lead 'Antimony Alloys {Type Metal), 

The alloy is dissolved by warming with a mixture of 
tolerably concentrated nitric acid and tartaric acid. The 
solution is somewhat diluted and mixed with sulphuric 
acid, whereby the greater part of the lead is precipitated. 
The filtrate from precipitated lead sulphate is nearly 
neutralised with ammonia, and warmed with addition of 
yellow ammonium sulphide. Th^ whole of the antimony 
goes into solution, while the lead which has not been 
precipitated as sulphate remains undissolved in the form 
of sulphide. 

After filtration and washing the residue with ammo- 
nium sulphide, the liquid is acidulated with hydrochloric 
acid; the precipitated antimony sulphide is collected, 
washed, and dissolved in hydrochloric acid; the antimony 
is determined by the iodometric process of § 35. The 
residual lead sulphide is warmed with concentrated nitric 
acid, a few drops of sulphuric acid are added, and the 
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sulphate of lead so formed is added to the main quantity 
of that salt previously obtained. The sulphate is boiled 
with potassium carbonate, the liquid is filtered, the 
residue dissolved in a measured quantity of normal 
hydrochloric acid, and the lead is determined alkali- 
metrically after § 8. 

The following simpler process may be employed when 
the accurate determination of the lead is not a matter of 
paramount importance. 

The solution of the alloy obtained as already described 
is warmed in a basin with a little sodium sulphite until 
the smell of sulphur dioxide can no longer be perceived. 
Sulphuric acid is added, the liquid is filtered from lead 
sulphate, saturated with sodium bicarbonate, and titrated 
with t*^[j-normal iodine. From the results the amount of 
antimony is calculated. This process gives good results 
if care be taken to boil off the sulphur dioxide completely. 
If the antimony contain arsenic, the results are rather 
low. 

f. Silver-Oold Alloys, 

The alloy is fused in a porcelain crucible, with three 
times its own weight of metallic lead. The regulus is 
slightly hammered out and warmed with nitric acid ol^ 
sp. gravity 1*2, free from chlorine. So soon as the action 
ceases the liquid is decanted, and the residue is carefully 
washed and heated to boiling with concentrated sulphuric 
acid. Any lead in the nitric acid solution is precipitated 
by addition of sulphuric acid, and silver is determined in 
the filtrate, after adding the sulphuric acid solution of 
the regulus, by the process of § 47. 

The gold which remains after treatment with hot sul- 
phuric acid is washed, dried, and weighed. 

g. Platinum Alloys, 

I will describe a method for estimating platinum only 
in alloys containing the metals of the fourth and fifth 
groups. The alloy, after being divided by hammering 
or by fiOdng, is fused with four times its own weight of 
potassium bisulphate ; the metals of groups fovii: «uTkd ^n^ 



236 A SYSTEM OF VOLUMETRIC ANALYSIS. 

are thus converted into sulphates, which are dissolved by 
washing the fused mass with hot water. If lead be 
present, the wash water must contain ammonium tartrate. 
The residual platinum is collected, dried, and weighed. 

This method may also be applied for the separation of 
gold from other metals. In order to separate gold and 
platinum from arsenic, antimony, and tin, the alloy is 
heated to redness in a stream of chlorine. The tnree 
latter metals are thus removed as chlorides, while gold 
and platinum remain. Or the alloy may be dissolved in 
aqua regia, and the gold precipitated by addition of oxalic 
acid, after partial neutralisation of the free acid by means 
of sodium carbonate (not by potash or ammonia). The 
oxalic acid in the filtrate is destroyed by addition of 
chlorine water, the liquid is evaporated and mixed with 
sal-ammoniac and alcohol, the precipitated platinic 
ammonium chloride is collected, washed, and ignited ; the 
platinum so obtained is weighed. 

Alloys of gold and platinum may be analysed by the 
last-mentioned process. 

§ 103. 

Estimation of the more important Impurities in the 

commoner Metals. 

The metals very generally contain small quantities of 
impurities, consisting of foreign metals and also of sul- 
phides, phosphides, carbides, &c. 

The impurities may be classed as metallic and non- 
metallic. The metallic impurities of the commoner metals 
often comprise traces of a very great number of elementary 
substances. 

An outline of the processes for estimating the com- 
moner of these impurities, that is, those which occur in 
relatively large quantities, can alone be given here. The 
non-metallic impurities are for the most part removed in 
the form of hydrides when the metal is treated with 
hydrochloric or sulphuric acid; the metallic impurities, 
on the other hand, either remain undissolved or pass into 
solution along with the metal itself. Arsenic and antimony 



§103. ESTIMATION OF IMPURITIES IN Common METALS. 237 

must be classed, for analytical purposes, among the non- 
metallic impurities. 

Hydrochloric or nitric acid is employed as a solvent on 
account of the readiness with which the metals, as a rule, 
dissolve in these acids. The former acid is employed in 
the examination of zinc, iron, and tin, whereby the more 
important metallic impurities are also obtained in solu- 
tion. Manganese, which is an important impurity in 
specimens of iron, may be thus dissolved, and may then 
be determined by the process described in the latter part 
of § 90. Lead often accompanies tin and zinc; the greater 
part of the lead remains undissolved when the metal is 
treated with hydrochloric acid ; the residue may be dis- 
solved in nitric acid, and the lead determined as chromate 
or sulphate. The traces of lead which are found in the 
hydrochloric acid solution of the zinc or tin may be 
separated from the former metal by addition of potassium 
ehromate, and from the latter by addition of sulphuric 
acid and alcohol. 

As the metals of the copper group are for the most 
part insoluble, or with difficulty soluble, in hydrochloric 
acid, we employ nitric acid as a solvent for these metals. 
A.ny residue insoluble in nitric may be dissolved in 
nitro-hydrochloric acid. Most of the metals in solution 
may be directly precipitated and determined in the form 
of chlorides or sulphates. Tin may be separated, by means 
of ammonium sulphide, from all metals of the fourth and 
fifth groups; it may then be precipitated as sulphide, and, 
in absence of antimony, directly determined by § 30. 
Generally speaking, the processes detailed in the preceding 
paragraph for the analysis of alloys are applicable in the 
examination of the metals for metallic impurities. 

In the search for non-metallic impurities, such solvents 
must be employed as shall cause no evolution of hydro- 
gen, otherwise the non-metals present might be wholly or 
partly removed as gases. Aqueous solutions of iodine and 
bromine present us with such solvents. Almost all 
metals, except silver and lead, pass into solution when 
gently warmed for some time with bromine water. The 
non-metals (including arsenic and antimony), with, iiv^ 
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exception of carbon and silicon, are also dissolved by these 
reagents. Carbon may be determined in iron by dissolv- 
ing the latter in water containing iodine, and washing 
and drying the residue. As silica usoally accompanies 
the carbon, it is well to bum the dried and weighed 
residue in a stream of oxygen, and to determine the 
carbon from the loss. By dissolving a second quantity of 
the iron in sulphuric acid, a residue is obtained repre- 
■senting the uncombined carbon piiis silica ; this may be 
also weighed and burned in oxygen. The difference 
between the two carbon determinations represents com- 
bined carbon. 

The other non-metals are oxidised and dissolved by 
bromine or iodine water. Sulphur is the most difficult to 
oxidise of the common non-metallic substances. It is 
generally more easy to determine sulphur, when accom- 
panying metals of the fourth and fifth groups, by expul- 
sion as sulphuretted hydrogen (by addition of sulphuric 
acid), absorption by an ammoniacal solution of zinc sul- 
|>hate, and subsequent determination as zinc sulphide 
(§ 30). 

After the non-metals have been brought into solution 
by the use of bromine water, the greater part of the 
bromine is removed by boiling, or, better, by distiUation, 
and the various acids are determined in the residual 
liquid. Sulphuric acid may be directly precipitated and ^ 
determined by means of barium chloride. 

Arsenic and antimony, in presence of tin and phos- 
phoric acid, must be obtained in the form of sulpho-salts 
by digestion with yellow ammonium sulphide ; the solu- 
tion must then be acidulated with hydrochloric acid, and 
the sulphides of arsenic and antimony separated from tin 
by § 63. The filtrate contains phosphoric acid, which may 
be determined directly by uranium solution (§ 50) after 
addition of sodium acetate. 
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TOLUMETRIC ANALYSIS OF A FEW ORGANIC 
SUBSTANCES OF TECHNICAL IMPORTANCE, 
AND OF WATER. 

§ 104. 
Examination of Vinegar. 

The acidity of vinegar or of commercial acetic acid is 
determined by neutralising with ^-normal ammonia solu- 
tion. 

1 cb.c ^normal ammonia =30 m.gm. acetic acid, C2H4O2 (C4H4O4). 

If the vinegar be itself coloured, turmeric or blue 
litmus paper may be employed as an indicator, the 
ammonia being run in until the turmeric shows a brown, 
or the litmus a blue colour, when brought into contact 
with a drop of the liquid. 

Acetic acid may be determined in acetates by distilling 
in a current of steam, after addition of phosphoric acid, 
and determining the acidity of the distillate. (See also 

§ 21.) 

The determination of admixed mineral acids, especially 
of sulphuric acid, presents no special diflSculties. 

Examination for aldehyde by titrating with standard- 
ised permanganate gives good qualitative, but not quanti- 
tative, results. The results of such an examination enable 
a judgment to be formed as to the purity of a sample of 
vinegar. Any aldehyde present can only be accurately 
iletermined by distilling the neutralised vinegar.^ 

Note. 

' Keiflfer's solution is useful in determining the acidity of 
coloured vinegars. It is prepared by adding ammonia to 
a solution of copper sulphate until the greenish-blue pre- 
cipitate which is at first formed is almost entirely dis- 

^ Witz recommends methyl-aniline-violet as an indicator when 
ixiineral acids are present. I have not found the indications sharp 
enough for quantitative use. 
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solved, and filtering. The value of the liquid, in terms of 
acid, is determined by running standard acid into a 
measured volume of this liquid until a permanent tur- 
bidity is produced. 

In examining vin^ar the standardised liquid is nm 
from a burette into a measured volume of the sample 
until a permanent turbidity ensues. 

The acid in vinegar may also be determined by adding 
a known weight of pure finely-powdered marble, boilii^, 
filtering, washing, dissolving the residual marble in 
normal hydrochloric acid, and determining the excess of 
acid by ^-normal ammonia. The difierence between the 
amount of marble added and that remaining undissolved 
represents that which has been acted upon by the add in 
the vinegar. (5 parts of marble dissolved = 6 parts of 
acetic acid.) 

In the Analyst for August, 1876, a method for 
detecting and estimating fr^ mineral acids in vin^ar 
is published (Hehner). Vinegar always contains potas- 
sium and sodium salts of tartaric, acetic, and other acids. 
Sulphuric or hydrochloric acid, if added, will decompose 
equivalent quantities of these salts; any mineral add 
existing in the vinegar in the free state will cause the ash 
to have a neutral or acid reaction. So long as the ash of 
vinegar shows an alkaline reaction, free mineral acid 
cannot be present in the sample. The alkalinity of the 
ash is diminished in exact proportion to the amount of 
mineral acid added to the vinegar. On this fact the 
({uantitativ-e process is based. A measured volume — say 
50 cb.c. — of the sample is mixed with 25 cb.c. of ded- 
normal soda solution, the liquid is evaporated to dryness, 
and the ash is incinerated at the lowest possible tem- 
perature. 25 cb.c. of deci-normal acid are added, the 
liquid is boiled to expel carbon dioxide, and filtered; after 
washing the residue, the filtrate is titrated with deci- 
normal soda. The amount of soda used gives the free 
mineral acid in the vinegar (1 cb.c. deci-normal soda= 
49 m.gm. HgSOJ. If the vinegar contain more than 
()*2 per cent of free mineral acid, a larger quantity of soda 
than 25 cb.c. must be added. — 2V. 
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§ 105. 
Tmrtario Acid and Cream of Tartar. 

Tartaric acid and acid tartrates are readily and accu- 
rately determined, in the absence of other acids, by titra- 
tion With standard alkali. 

1 cb.c. ^normal ammonia =37*5 m.gm. crystallised tartaric acid. 

(Same for old notation.) 

Normal potash or J -normal ammonia solution may be 
employed. The process is carried out as directed in § 16. 
If a precipitate of potassium bitartrate should form during 
the titration, the liquid must be more strongly heated. 

Tartaric acid may be determined in cream of tartar by 
dissolving the salt in hot water, colouring with litmus, 
and titrating with alkali, — best with normal soda. 
(1 equivalent soda = 150 parts crystallised tartaric acid, 
in the titration of tartar : same for old notation.) 

Crude tartar often contains chalk, which is not alto- 
gether dissolved by hot water; the presence of this 
substance does not interfere with the titration, inasmuch 
Eis calcium bitartrate is decomposed by alkalies analagously 
with potassium bitartrate. The presence of acid salts in 
erude tartar, however, renders an estimation of the total 
Etcidity impossible by the ordinary method. In such a 
case it is best to determine the total tartaric acid by the 
process described in § 71. 

Crude tartar often contains colouring matter, which 
imparts a red tint to the aqueous solution of the sub- 
stance. So soon as the acid is neutralised, the colour 
changes to green. Litmus need therefore scarcely be used 
in the titration of coloured samples of tartar. Turmeric 
paper may be employed as an indicator. 

Lime may be determined in crude tartar by dissolving 
in hydrochloric acid, adding excess of ammonium oxalate 
and ammonia, boiling, collecting the precipitated calcium 
oxalate, and determining its amount, after washing, by 
the process of § 21. 

Q 
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§ 106. 
Examination of Urine. 

Urine contains many substances: of these the most 
important are urea, common salt, and phosphoric a(ad, 
and, in certain diseased states of the oiganism, grape- 
sugar. 

1. Chlorine (chiefly present in combination with 
sodium) cannot be determined by the ordinary process 
with standard silver nitrate solution. The presence of 
organic matter and of phosphoric acid renders the deter- 
mination of the final point of the reaction uncertain. 
Liebig s method, based upon the diflference in behaviour 
of urea towards mercuric chloride and towards other 
mercuric salts, is generally employed for determiniD^ 
chlorine in urine. 

A solution of approximately neutral mercuric nitrate is 
prepared by dissolving a weighed quantity of pure 
sublimed mercuric chloride in water, precipitating with 
potash, collecting and washing the precipitate, dissolviug 
it in a small quantity of nitric acid free from chlorine, 
evaporating to a syrup, and making up to a definite 
volume (Dragendorff). 

The liquid is standardised as follows : 20 cb.c. of a 
standard solution of sodium chloride is mixed in a flask 
with 3 cb.c. of a solution of urea containing 3 to 4 grams 
urea per 100 cb.c. The mercuric nitrate solution is run 
in from a burette until a slight permanent precipitate is 
obtained; from the results, the value of 1 cb.c. of the 
solution is calculated in terms of chlorine.^ 

The method of using the standard mercuric nitrate 
solution, for the estimation of chlorine in urine, will be 
apparent. 

^ This reaction depends upon the fact that mercuric salts, with the 
exception of the chloride, form a white precipitate with urea. The 
sodium chloride present in the above experiment reacts upon the 
mercuric nitrate 1x) form mercuric chloride, and it is onlv when the 
whole of the chlorine has been thus consumed that the mercuric 
nitrate is able to produce a permanent white precipitate by acting 
upon the urea. 
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2. Urea may be determined in urine by Liebig's 
process, which consists in removing phosphoric acid by 
shaking a measured volume of the sample with baryta 
Water, filtering, removing dissolved baryta by passing 
carbon dioxide into the filtrate, filtering a second time, 
running in standard mercuric nitrate solution until a slight 
permanent precipitate is obtained, noting the amount of 
mercuric nitrate employed, and again running in the 
same solution until precipitation of urea is complete. 
The final point of the reaction is determined by bringing 
a drop of the supernatant liquid on to a watch-glass, and 
adding a drop of sodium carbonate solution (free from 
chloride) ; the production of a reddish colour shows that 
the whole of the urea has been precipitated. If a red 
colour is not produced, the contents of the watch-glass 
are washed into the flask, and the addition of mercuric 
nitrate solution is continued. 

The mercuric nitrate must of course have been pre- 
viously standardised against a solution of urea of known 
strength (4 grams of urea in 100 cb.c, of water is a 
convenient test solution). The number of cubic centi- 
metres of mercuric nitrate solution added in order to 
produce a permanent precipitate in the urine is deducted 
from the total volume of liquid employed ; the difference 
is calculated to urea.^ 

3. Phosphoric acid is estimated in urine by precipita- 
tion with ammoniacal magnesium chloride solution con- 
taining ammonium chloride, collection of the precipitate 
after twelve hours, and determination according to § 50. 

4. Sugar may be determined in urine by the use of an 
alkaline solution of copper tartrate. 5 grams of pure 
copper sulphate are dissolved in 30 cb.c. of hot Water, 
25 grams of pure Rochelle salts are added, followed by 
the addition of caustic soda until a strongly alkaline, 
deep-blue liquid is obtained. This liquid must remain 
unchanged on boiling. 

A measured quantity (50 cb.c.) of the urine under 
examination is added to a portion of the prepared liquid, 
and the whole is boiled until the precipitate which is 

^ See note at end of this paxagtapVv. 



produced is of a bright red colour. The precipitate is 
collected, washed, and brought into a solution of ferric 
sulphate ; the copper is determined by § 22, 



If the urine contain much uric acid, it is advisable to 
add basic lead acetate, and to filter befoi-e adding thfl 
alkaline copper solution. 

Note on Estimation of Urea M^ Urine. 

Urea may be very accurately and readily determined 
by decomposing by means of sodium hypobromite and 
measuring the nitrogen set free. Of the various arrange- 
ments proposed, that of Dupr^^ is perhaps the simplest, 
It consists of a burette inverted in a tall cylinder ef 
water, and connected by a side tube with a bottle con- 
taining sodium hypobromite and a small test-tube in 
which is placed 5 cb.c. of the urine under examination. 
The bottle is closed with a caoutchouc cork ; a piece of 
caoutchouc tubing connects it with the inverted burette. 
The proper quantity of hypobromite solution is prepared 
by pouring 23 cb.c. of caustic soda {1 to 2o of water) into 
a stoppered cylinder in which has been placed a sealed 
tube of thin glass containing 22 cb.c. of bromine, and 
shaking the cylinder until the thin tube is broken. la 
using the apparatus the bottle containing the hyptf 
bromite is inclined so as to allow the urine to come iato 
contact with the liquid ; the bottle is briskly agitated for 
a few minutes and then placed in cold water ; after * 
little time the levels of the water inside and outside the 
burette are made equal, the volume of gas is read off. Mid 
the temperature is observed. The amount of nitrogen 
evolved is found to be 91 per cent of the ui-ea preseoL 
The burette may he graduated so as directly to give 
readings of the pei-centage of urea. 36'70 cb.c of noisl 
nitrogen, at the ordinaiy temperatiire and pressure, at^ 
be taken as equal to 01 gram of urea; or if 5 olxc. of 
urine be always employed, then 36'7 cb.c. of uiirogea i» 
equal to 2 per cent of urea, — Tr. 

1 CA«ii. Soc. J.,Nd.I., IfiTT.p. 534. 
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§ 107. 
Estimation of Sugar. 

Sugar, as we have seen in the preceding paragraph, 
may be determined by the use of an alkaline copper 
solution. 10 cb.c. of this solution should be equal to not 
more than 0*1 gram grape sugar ; the sugar solution 
should not contain more than 0*5 per cent sugar. By 
attending to these details very trustworthy results are 
obtainable. 

The copper solution (10 cb.c. = 0*1 gram grape sugar) is 
prepared by dissolving 69*278 grams recrystallised copper 
sulphate in 400 or 450 cb.c. of water containing a few 
drops of sulphuric acid, adding 200 grams of pure tartaric 
acid, followed by addition of such a quantity of concen- 
trated caustic soda solution as serves to form a clear blue 
liquid, and making up to 1000 cb.c. with water. The 
solution is preserved in a dark place in a glass-stoppered 
bottle ; it must remain perfectly clear when boiled. In 
order to test this liquid a solution of inverted sugar is 
prepared by dissolving 0*95 grams of pure cane sugar, 
dried at 100°, in about 150 cb.c. of water, adding ten drops 
of tolerably concentrated hydrochloric acid, heating to 
70° or 80° for half an hour (replacing the water which 
evaporates), nearly neutralising with sodium carbonate, 
and diluting to exactly 200 cb.c. 1 cb.c. now contains 
5 m.gm. of grape sugar. 10 or 20 cb.c. of the prepared 
copper solution are warmed along with 40 to 50 cb.c. 
of dilute caustic soda, in a beaker, to 80° or 90°, and the 
sugar solution is carefully run in from a burette until the 
whole of the copper is thrown down in the form of 
cuprous oxide. The final point of the precipitation is 
determined by running a drop of the sugar solution on to 
the surface of the liquid in the beaker (after the precipi- 
tate has settled) by the use of a narrow slip of glass, or, 
better, of porcelain, about 6 m.m. in width, and noticing 
whether a yellowish cloud forms behind the slip of glass 
or porcelain. If the copper solution be of correct strength, 
20 cb.c. should be reduced by 40 cb.c. of the prepared 
sugar solution. 
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In examining sugar syrup the same method of pro- 
cedure is to be employed. The syrup, diluted at least 
fifty times, is warmed on a water-bath for half an hour, 
after addition of 10 or 15 drops of pure hydrochloric acid; 
the liquid is then diluted so that 1 cb.c. may contain not 
more than 5 m.gm. grape sugar, and titrated against 
standardised copper solution. 

Grape sugar x 57. = cane sugar. 

In the event of the syrup containing both cane and 
grape sugar, the diluted liquid is to be titrated against 
standardised copper sulphate solution, whereby the grape 
sugar is determined. (Cane sugar does not affect the copper 
solution.) Another portion is to be warmed with acid 
and again titrated against the copper solution;, the total 
sugar is thus obtained. The grape sugar present as such 
is deducted from the total, and the residue is calculated 
to cane sugar. 

Deeply-coloured syrups may be treated with basic lead 
acetate, and filtered, before inverting by means of acid. 

§ 108. 
Ouano. 

Water is determined by drying about 2 grams in an 
exsiccator over sulphuric acid. In 1 gram of the dried 
substance nitrogen is determined by combustion with 
soda lime as directed in § 11. 1 gram of the dried guano 
is fused with an equal weight of nitre and 2 grams of 
calcined sodium and potassium carbonates. The fused 
mass is dissolved out with hydrochloric acid (filtered if 
necessary), the liquid is partially neutralised by addition 
of ammonia, and precipitated with excess of sodium 
acetate. In the filtrate from this precipitate phosphoric 
acid is determined by the inverted method of § 50. The 
precipitate produced on adding sodium acetate may be 
dissolved in hydrochloric acid, the iron reduced by means 
of sodium sulphite, the solution saturated with potash 
and filtered, the filtrate acidified, and the phosphoric acid 
determined by § 50. 
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§ 109. 

Tannic AcicL 

Hamer has shown that the specific gravity of a solution 
containing tannic acid before, and after, the removal of 
the tannic acid, is proportional to the amount of the acid 
originally present. In order to determine tannic acid in 
such vegetable substances as gall nuts, oak bark, &c., a 
solution is prepared by digesting the finely-powdered 
substance with eight or ten times its weight of hot 
water, filtering, and washing. The specific gravity of the 
clear liquid is then determined, preferably by means of 
the specific-gravity bottle. Another portion of the liquid 
is digested with about one-third of its own weight of 
powdered hide^ and filtered. The specific gravity of the 
filtrate is determined. The amount of tannic acid corre- 
sponding to the gravity before and after the treatment 
with hide is found from the accompanying table; the less 
is deducted from the greater amount; the difference 
represents the percentage of tannic acid present in the 
solution examined. 



Specific 


Percentage of 


Specific 


Percentage of 


Specific 


Percentage of 


Gravity. 


Tannic Acid. 


Gravity. 


Tannic Acid. 


Gravity. 


Tannic Acid. 


1-0004 


01 


1*0072 


1-8 


1-0140 


3-5 


1-0008 


0-2 


1-0076 


1-9 


1-0144 


3-6 


1-0012 


0-3 


10080 


2-0 


1-0148 


3-7 


1-0016 


0-4 


1-0084 


2-1 


1-0152 


3-8 


10020 


0-5 


1-0088 


2-2 


1-0156 


3-9 


1-0024 


0-6 


1-0092 


2-3 


1-0160 


4-0 


1-0028 


0-7 


1-0096 


2-4 


1-0164 


41 


1-0032 


0-8 


1-0100 


2-5 


1-0168 


4-2 


10036 


0-9 


1-0104 


2-6 


1-0172 


4-3 


1-0040 


10 


1-0108 


2-7 


1-0176 


4-4 


1-0044 


11 


1-0112 


2-8 


1-0180 


4-5 


1-0048 


1-2 


1-0116 


2-9 


1-0184 


4-6 


1-0052 


1-3 


1-0120 


3-0 


1-0188 


4-7 


1-0056 


1-4 


1-0124 


31 


1-0192 


4-8 


1-0060 


1-5 


1-0128 


3-2 


10196 


4*9 


1-0064 


1-6 


10132 


3-3 


1-0200 


50 


1-0068 


1-7 


1-0136 


3-4 







' The powdered hide is prepared by rasping untanned hide wvtk a. 
ijle; it is to he moiatened with water, and preaafed\>felotft\xsft. 
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Note on Estimation of Tannic Acid. 

The foregoing method for-the estimation of tannic acid cannot be 
considered a satisfactory one. Of the many processes which have 
been proposed, that of Lowenthal^ appears to yield the most 
accurate results. For carrying out this process the following 
standard liquids are required; — 

A dilute solution — preferably ^V^^ormal^-of potassium perman- 
ganate. 

A solution of 5* grams of pure "precipitated indigo" in 1000 cb.c. 
of water. 

A solution of 25 grams of strong glue, swollen by cold water, and 
subsequently dissolved by heating in 1000 cb.c. of water; the liquid 
is saturated with pure salt. 

A saturated solution of pure salt containing 25 cb.c. of sulphuric 
acid or 50 cb.c. of hydrochloric acid (1 to 3 of water) per litre. 

A quantity of the tanning material (about 10 grama if sumach 
or valonia, about 20 grams if bark) is repeatedly boiled with 
water, the liquid is allowed to cool, and is made up to 1000 cb.c. 
10 cb.c. are diluted to 600 or 700 cb.c, 25 cb.c. of the indigo solution 
and 10 cb.c. of dilute sulphuric acid (1 to 3 of water) are added, 
and permanganate is run in until the colour of the liquid changes to 
a clear yellow. The amount of permanganate used is noted. 
10 cb.c. of the dilute sulphuric acid and 25 cb.c. of the indigo 
solution are then treated in an exactly similar manner wWwvi the 
addition of the tannin solution. The difference between the two 
quantities of }>ermanganate used represents the amount consumed in 
the oxidation of the total astringent substances in 10 cb.c. of the 
liquid under examination. 

In order to obtain reliable results the amount of permanganate 
used in the first titration should not exceed one and a half times the 
quantity used in the second. If this proportion be exceeded, it is 
better to make a fresh trial, using a larger quantity of indigo 
solution. 

100 cb.c. of the tauuin solution are now mixed with 50 cb.c. of the 
solution of glue containing common salt, the mixture is well stirred. 
100 cb.c. of the solution of salt containing acid are added, and after 
standing four or five hours the whole is filtered. The tannin is thus 
completely precipitated. An aliquot portion of the clear filtrate is 
titrated with permanganate; the amount of permanganate formerly 
found to be used by the acid and indigo alone is deducted; the 
residue represents permanganate consumed in the oxidation of gallic 
acid and other astringent substances other than tannin present in 
the liquid under examination. 

According to Neubauer, 1 cb.c. of ^jV^iormal permanganate i«< 
equal to 2 078 m.gm. of gallo-tannic acid; or, according to Oser, to 
31 18 m.gm. of oak-bark tannin. It is perhaps better, however, 
meanwhile to consider the results as comparative only. — TV. 

' Zeitsch, Anoi. Cherni, 1877, p. 33. 
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§ 110. 
Examination of Water. ^ 

In the examination of a water which is to be used in 
steam boilers it becomes very important to have a method 
for estimating the amount of "crust" which will be 
formed in the boiler by the evaporation of a given quan- 
tity of water. 

Gypsum is chiefly concerned in the formation of hard 
boiler crusts ; chalk, unless associated with silica in the 
water, is generally precipitated in a more pulverulent 
form. By determining the amount of gypsum, we have 
therefore a measure of the crust-producing power of the 
water. Gypsum may be determined by § 53. An esti- 
mation of lime should also be carried out, so that there 
may be no doubt that the sulphuric acid really exists in 
the form of calcium sulphate. It will generally be neces- 
sary to concentrate the water before making these deter- 
minations; if a precipitate form during concentration, 
it may be removed by filtration. 

The water in a steam boiler is under a pressure of 
about four atmospheres; 1000 parts of such water are 
capable of dissolving about 1 part of gypsum 
(CaS04.2H20). This result has been obtained by direct 
experiment. A water containing 1 part, or more than 
1 part, of gypsum per 1000 parts, is not fit for technical 
use. A water containing Oo parts of gypsum per 1000 
parts may be evaporated in the boiler until its volume is 
reduced to one-half before it begins to deposit gypsum ; 
or the evaporation-value of such a water equals 50 per 
cent. A water containing 025 parts of gypsum per 1000 
parts may be boiled down to three-fourths of its original 
volume without danger of formation of boiler-crust ; the 
evaporation-value in this case amounts to 75 per cent. 

^ In this paragraph I have given the main points of Dr. Fleischer's 
observations on water ; these observations relate almost exclusively 
to water which is to be used for technical purposes. The greater 
part of those pages which deal with the examination of potable 
waters has been a2ded by me. — Tr, 
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Generally, if G represent the amaant of gypsom 
(CaS04.2H20) in centigrams, per litre of water, the 
evaporation-value, = Y, will be found from the equation 
V = 100-G. 

The application of this formula enables the mannfac- 
turer to determine to what extent he may cany the 
evaporation of the water with which his bofilers are 
supplied, without danger of boiler-crust formation. When 
the limit of evaporation has been reached, tJie boiling 
should be stopped and the water run off 

In the examination of a water which is to be used for 
technical purposes, it is customary to determine "tem- 
porary" and "permanent" hardness by the use of a 
standardised soap solution. Pettenkofer recommends the 
determination of free carbonic acid by titrating 500 cb.c. 
of the sample with TV-normal caustic liry ta solution until 
a red-brown colour is produced on turmeric paper, the col- 
lection of the precipitate so formed, solution in hydrochloric 
acid, and determination of lime by § 21. The lime being 
calculated to carbonate represents the " temporary hard- 
ness." The " total hardness," i.e., total quantity of hme 
and magnesia, may be determined by evaporating 500 
cb.c. of the sample to the bulk of about 100 cb.c, adding 
a few drops of hydrochloric acid and an excess of ammo- 
nium oxalate, followed by addition of a few drops of 
tartaric acid — ^if iron be present — saturation with am- 
monia, and addition of microcosmic salt. Lime and mag- 
nesia are then determined in the precipitate (§ 65) after 
collection and washing. 

Alkalies may be determined in water by evaporating a 
considerable volume to dryness, adding a little sulphuric 
acid, again evaporating nearly to dryness, dissolving in a 
little water, adding baryta water, saturating with carbon 
dioxide, boiling, filtering, evaporating the filtrate with a 
little hydrochloric acid and excess of platinum tetra- 
chloride nearly to dryness, washing, first with platinum 
tetrachloride and then with alcohol, drying and igniting 
the residue, and determining the potassium chloride by 
means of standard silver solution, as directed in § 47. By 
evaporating the filtrate to dryness, igniting the residue, 
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and titrating with silver solution, the soda may be 
determined. 

Silica may be determined in water by evaporating a 
considerable quantity nearly to dryness, adding ammo- 
nium carbonate, filtering, evaporating the residue to 
dryness after addition of hydrochloric acid, again adding 
a little hydrochloric acid, and again evaporating to dry- 
ness, moistening with water acidulated with hydrochloric 
acid, collecting the residue and weighing it, after washing, 
drying, and igniting. 

Sulphuretted hydrogen may be determined by titration 
with iodine (§ 34). 

Potable Waters} 

In the examination of a potable water we generally 
deek to determine (1) the total solid matter in solution; 
(2) the amount of organic matter ; and (3) the amount of 
poisonous metals, supposing the presence of such metals 
to have been proved. 

Total solid matter is determined by evaporating a 
measured quantity — preferably 70 cb.c — of the sample to 
dryness in a weighed platinum basin by means of steam, 
and weighing the residue. The weight, stated in m.gms., 
of the residue from 70 cb.c. gives, without calculation, 
grains of solid matter per gallon. 

For the measurement of organic matter we have 
recourse to indirect methods. We measure substances 
which are the products of the natural decomposition of 
organic matter, and we attempt to decompose the organic 
matter actually present as such in the water, and measure 
the products of this decomposition. 

The method of Frankland and Armstrong professes, it 
is true, to directly measure the organic carbon and 
nitrogen present in water. A description of this method, 
which cannot be said to have met with general acceptance 
among chemists, would be altogether beyond the range of 
the present work. 

^ I do not profess to give more than an outline of the methods of 
water analysis. This must be filled up by reference to a standard 
work on the subject. — TV. 
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Of the prodacts of the natural decoinposition of oiganic 
matter in water, the most important are nitrates and 
nitrites, chlorine, and ammonia or ammonimn salts. 

Nitrates may be determined by evaporating 1 litre of 
water with addition of a little sodium carbonate, dissolying 
the residue in a little distilled water, and applying the 
process of § 39. A portion of the same liquid in which 
nitric acid is determined may be acidulated with sul- 
phuric acid and distilled. Nitrous acid may then be 
estimated in the distillate in accordance with § 31. 
Other methods for determining nitrates and nitrites are 
often employed ; the principle of these generally consists 
in reducing the nitrates, &c., to ammonia by such reagents 
as aluminium, zinc and iron, copper and zinc, &c., and 
deteimining the ammonia produced either by the ordinary 
alkalimetric method or by Nesslerising (see next page). 

Chlorine may be determined by the process of § 47 ; it 
is advisable, however, to employ a more dilute silver 
solution. If 4*79 grams of pure fused silver nitrate be 
dissolved in 1 litre of water, a solution is obtained, 1 cb.c. 
of which will precipitate 1 m.gm. of chlorine. If 70 cb.c. 
of the water under examination be used, the number of 
cubic centimetres of silver solution employed gives 
directly grains of chlorine per gallon. 

Ammonia salts may be determined by distilling 500 
cb.c. of the sample after addition of a little pure sodium 
carbonate, and estimating the ammonia in the distillate. 
The most accurate method of measuring small quantities 
of ammonia is that called Nesslerising. This process 
consists in adding Nessler's reagent to a quantity of pure 
distilled water containing a known quantity of ammonia, 
and comparing the depth of colour so produced with that 
formed by adding the same amount of the reagent to an 
equal volume of the distillate from the water under 
examination. 

Nessler's reagent is a solution of mercuric iodide in 
potassium iodide rendered strongly alkaline with potash 
or soda; it is prepared by dissolving 3 parts of potassium 
iodide and 1 part of mercuric chloride in about 22 parts 
of hot water, adding a solutioiv of mercuric chloride until 
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a very slight permanent precipitate is produced, then 
adding about 4| parts of solid caustic potash or 3| of 
soda, diluting slightly, and adding a few drops of a 
V saturated solution of mercuric chloride. After settling, 
the clear, slightly yellow liquid is run off into well- 
stoppered bottles, which should be kept nearly filled with 
the liquid. 

For the process of Nesslerising, a standard solution of 
ammonia is required. This is prepared by dissolving 
3*15 grams of sublimed sal-ammoniac in 1 litre of water, 
and diluting a portion with ninety-nine times its own 
volume of distilled water free from ammonia, 1 cb.c. of 
this standard contains 001 m.gm. ammonia (NHg). 

The process of Nesslerising is conducted by running 
50 cb.c. of distilled water, ^^e from ammonia, into a 
cylinder of white glass placed alongside of an exactly 
similar cylinder containing 50 cb.c. of the distillate from 
the water under examination, running into the former a 
measured volume of the standard ammonia solution, adding 
to each a small quantity of the Nessler's reagent by the aid 
of a little pipette, stirring up the contents of the cylinders 
by. means of thin glass tubes having small bulbs blown 
on their lower extremities, and comparing the depths of 
colour by looking through the columns of liquid, a white 
slab or piece of paper being placed beneath the cylinders. 
If the two colours do not agree in depth, a fresh standard, 
containing more or less ammonia than the first, must be 
prepared. The Nessler solution must be added after the 
addition of the standard ammonia. Distillation of the 
sample is continued until the distillate is free from 
ammonia. 

Having determined those substances which are pro- 
ducts of the natural decomposition of organic matter in 
water, we now proceed to decompose, by arti ficial means, 
the organic matter still present in the water, and to 
measure the products of this decomposition. 

The method very generally adopted consists in boiling 
the residue in the retort with an alkaline solution of per- 
manganate of potassium, whereby the organic matter 
suffers partial decomposition, and ammoiim la ^ncJ^n^^^. 
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The alkaline pennanganate solation is prepared by 
dissolving 1 part of crystallised potassiom permanganale 
and 25 parts of solid potash in 125 parts of water, boiling 
for some time, and setting aside in a stoppered bottla 
50 cb.c. of this solution are required for each analysis, 
half a litre of water being used The details of the esti- 
mation of ammonia have been already given. The distil- 
lation is continued, after addition of permanganate, until 
the distillate is free from ammonia, the latter being deter- 
mined in each 50 cb.c. of distillate. 

Of the poisonous metals which may be present in 
potable waters, copper and lead are the more common. 
They may be detected by the brown colour produced on 
acidulating 100 cb.c. of the water with a few drops of 
acetic acid, and adding a little sulphuretted hydn)gen 
water. If no colour is produced, a larger quantity of 
the water should be evaporated, te the bulk of 100 cb.c. 
or so, and again tested by addition of sulphuretted 
hydrogen. 

SmaJl quantities of copper may be determined by 
adding a little ammonium nitrate solution and a few 
drops of a dilute solution of potassium ferrocyanide to 
a measured volume of the sample. The depth of colour 
produced is imitated in an equal bulk of pure water by 
adding ammonimu nitrate solution, a few drops of ferro- 
cyanide, and standard copper solution from a burette. The 
process is essentially the same as that described under 
Nesslerising; it is not necessary, however, te make a fresh 
standard for each trial. The copper solution (unlike the 
ammonia) may be added after the ferrocyanide. The 
water must be neutral. The standard copper solution 
should be of a strength such that 1 cb.c. = 01 mg.ni. 
copper ; it may be readily prepared by dissolving 0*393 
gram of recrystallised copper sulphate in 1 litre of water. 
Iron, if present in the water, is removed by evaporating 
to a small bulk after addition of a few drops of nitric 
acid, adding a slight excess of ammonia, filtering, dis- 
solving the precipitate in nitric acid, again boiling down, 
and precipitating with ammonia; the two filtrates are 
mixed, excess of ammonia is removed by boUing, and 
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copper is determined in the Uquid. The presence of small 
quantities of lead does not interfere with this method of 
determining copper ; one part of the latter metal may be 
estimated in 2 J million parts of water.^ 

Small quantities of lead (in absence of copper) may be 
accurately determined by adding a few drops of sulphur- 
etted hydrogen water to a measured volume (50 or 100 cb.c.) 
of the sample, and imitating the depth of colour produced 
by adding a standard lead solution to an equal bulk 
of pure water, with which a few drops of sulphuretted 
hydrogen water have been mixed. The water should be 
neutral, or but very faintly acid. The standard lead 
solution is prepared by dissolving 0*166 grams oi reciys- 
tallised lead acetate in 1 litre of water; 1 cb.c. = 01 m.gm. 
lead. 1 part of lead may be determined in 2^ million 
parts of water.^ 

It is sometimes necessary to determine small quantities 
of iron in potable waters. This may be done by adding to 
a measured quantity of the water about 1 cb.c. of dilute 
sulphuric acid, followed by addition of a dilute solution of 
pei:manganate of potassium until a permanent faint pink 
colour is produced, and making up to 1 litre. 50 or 100 
cb.c. of the water thus prepared are placed in a cylinder, 
5 cb.c. of dilute nitric acid and a few drops of potassium 
ferrocyanide solution are added. The depth of colour is 
imitated in a second cylinder containing an equal bulk of 
pure water, a few drops of ferrocyanide solution, and 
5 cb.c. of dilute nitric acid, by running in a prepared and 
standardised iron solution from a burette. The iron solu- 
tion is prepared by dissolving 0*7 gram pure ferrous- 
ammonium sulphate in a little water, adding 1 cb.c. of 
dilute sulphuric acid, oxidising the iron by addition of 
permanganate, and making up to 1 litre. 1 cb.c. of this 
solution = 0*1 m.gm. iron. 

1 part of iron may be estimated by this process in 
13 million parts of water .^ 

With regard to the interpretation to be put upon the 

1 Carnelley, Proc. Manch. Lit, and Phil, Soc., XV., 24. 

• Pattison Muir, Proc. Manch. Lit. and Phil. JSoc.j XV., 31. 

3 Carnelley, Mem. Manch, Lit. and Phil, Soc., 1^14-1^,^.^^^. 
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results of water analyses by the ''ammonia method," it 
would be quite beyond the scope of this book to ^iter 
into details. Suffice it to say that the investigations of 
Wanklyn Chapman and Smith, and others, appear to 
justify the conclusion that a good potable water should 
not show more than 008 parts "free" and 0*10 parts 
"albumenoid'' ammonia per million. If these numbers 
are exceeded, the water must be at least suspected 
Chlorine is never found in any quantity in pure water, 
except under peculiar conditions of the soiL The presence 
of this element in amounts exceeding 1 or 1^ grains per 
gallon points to contamination, generally to animal 
contamination. If it be known that the water is derived 
from a soil rich in chlorides, this conclusion is of coarse 
invalidated. 

Nitrates generally point to the previous existence of 
organic matter. The causes which determine the presence 
and quantity of nitrates are, however, so complicated tiiat , 
no very safe conclusion concerning organic contaminatioa 
can be deduced from an estimation of nitrates alone. 
This remark indeed applies to each of the individual 
deteiminations in an analysis of water. The results must 
be taken as a whole. 

The ammonia process appears to be exceedingly useful 
in measuring, comparatively, the quantities of decom- 
posing organic matter in water. When we attempt to 
measure organic matter which has not begun to decom- 
pose, or organic matter (such as peaty matter) which only 
undergoes decomposition with difficulty, the process can- 
not be relied upon. Of course it is decomposingr organic 
matter which is especially harmful. 
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TABLE I. 
Atohic Wbiobts AMD Stmbols of THK ELEHBimS.^ 



1 ' Kamo. 


Symbol. 


Atomic Weight. 


Name. 


Symbol. 


Atomic Weight. 






New. 


Old. 






New. 


Old. 


! Aluminium, . 


Al 


27*26 


13-7 


Mercury, . . 


Hg 


200 


100 


Antimony,. . 


Sb 


122-3 


122-3 


Molybdenum, . 


Mo 


96 


48 


Arsenic, . . 


As 


75 


75 


Nickel, . . . 


Ni 


58-8 


29-4 


Barium, . . 


Ba 


137 


68-5 


Nitrogen, . . 


N 


14-04 


14 


Bismuth, . . 


Bi 


210 


208 


Osmium, . . 


Os 


199 


99-6 


Boron, . . 


B 


11 


11 


Oxygen, . . 





15-96 


8 


Bromine, . . 


Br 


79-95 


80 


Palladium, . . 


Pd 


106-5 


53-3 


Cadmium, . . 


Cd 


152 


56 


Phosphorus, . 


P . 


31 


31 


Caesium, . . 


Cs 


133 


133 


Platinum, . . 


Pt 


197 


98-7 


Calcium, . . 


Ca 


40 


20 


Potassium, . . 


K 


39-13 


39-1 


Carbon, . . 


C 


12 


6 


Rhodium, . . 


Rh 


104-4 


52-2 


Cerium, . . 


Ce 


138 


46 


Rubidium, . . 


Rb 


85-4 


85-4 


Cidorine, . . 


CI 


35-46 


35-5 


Ruthenium, . 


Ru 


104-4 


52-2 


Chromium,. . 


Cr 


52-2 


26-1 


Selenium, ,. . 


Se 


79-5 


39-7 


Cobalt, . . 


Co 


58-8 


29-4 


Silver, . . . 


Ag 


107-97 


107-97 


Copper, . . 
Didymium, 


Cu 


63-2 


31-7 


Silicon, . . . 


Si 


28 


14 


D 


145 


4T-5 


Sodium, . . 


Na 


23-04 


23 


£lrbium, . . 


E 


112 




Strontium, . . 


Sr 


87-5 


43-8 


Fluorine, . . 


F 


19 


19 


Sulphur, . . 


S 


32-07 


16 


Grallium, . . 


G 


9 

• 


9 

• 


Tantalum, . . 


Ta 


182 


182 


Gold, . . . 


Au 


197 


197 1 


Tellurium, . . 


Te 


128 


64 


Hydrogen, . . 


H 


1 


1 


Thallium, . . 


Tl 


203-64 


204 


Indium, . . 


In 


113-4 


35-9 


Thorium, . . 


Th 


115-7 


57-86 


Iodine, . . . 


I 


126-85 


127 


Tin, .... 


Sn 


118 


59 


Iridium, . . 


Ir 


197 


99 


Titanium, . . 


Ti 


50 


^ 


Iron, . . . 


Fe 


56 


28 


Tungsten, . . 


W 


184 


92 


Lanthanum, . 


La 


139 


46-4 


Uranium, . . 


U 


240 


60 


Lead, . . . 


Pb 


206-92 


104 


Vanadium, . . 


V 


51-4 


68-6 


Lithium, . . 


Li 


7 02 


7 


Yttrium, . . 


Y 


61-7 


30-6 


Magnesium, . 


Mg 


24 


12 


Zinc, . . . 


Zn 


65-2 


32-5 


Manganese, . 


Mn 


54-2 


27-5 


Zirconium, . . 


Zr 


89-6 


44-8 



1 In this table I have placec^the old atomic weights as used by Dr. Fleischw alongside of the 
lew weights.— rr. 

R 
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Remauks on the Methods of Analysis (Table II). 

I. The substance is titrated with silver nitrate ; the amount used is 
calculated to NaCl. 

II. The dehydrated salt is boiled with caustic baryta, filtered, and 
titrated with normal hydrochloric acid. By multiplying the acid used 
by half the equivalent of Na2S04 (NaOSOs) (the whole equivalent if old 
notation be employed), the amount of sodium sulphate corresponding 
with the alkali present is found. 

III. The same factors serve for calculating K, Kfi (KO), KCl, and 
K2SO4 (KOSO3), as for the chlorides and sulphates. 

IV. The salts are transformed into carbonates by the use of KoCOs 
(KOCOj) ; the amount of normal acid required for neutralisation is deter- 
mined. The factors are the same as those used for the carbonates. 

V. Iodine is determined in an aliquot portion by means of ferric 
chloride. The chlorine, bromine, and iodine are precipitated with a 
measured volume of silver solution, the excess of silver in the filtrate 
being determined. As the iodine has been determined, the amount of 
silver corresponding with Agl, AgBr, and AgCl is known. The silver 
required to combine with iodine is deducted from the total silver, and 
the residue is calculated to AgCl. This is deducted from the weight of 
AgCl + AgBr (obtained by deducting Agl from the total weight), and 
the residue is multiplied by </> in order to find Br. 

This table shows the remarkable fact that the factor required for 
calculating a certain compound from the weight of two bases, is the 
same whatever these bases may be, provided that but one acid be 
present in combination with the two bases, and that the salt having the 
smaller atomic weight be determined by titration. 
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TABLE IIL 

Percentages of Sulphuric Actb (H,S04) in Aqueous Acid of 

Varying GRAvrry. 

(Bineau, Otto. Temp. = W). 



Spec. Gravity. 


Per Cent. 


Spec Gravity. 


Per Cent 


Spec. Gravity. 


Percent 


1*8426 


100 


1-568 


66 


1-239 


32 \ 


1-8420 


99 


1-557 


65 


1-231 


31 ^ 


1-8406 


98 


1-545 


64 


1-223 


30 


1-8400 


97 


1-534 


63 


1-215 


29 


1-8384 


96 


1-523 


62 


1-2066 


28 


1-8376 


95 


1-512 


61 


1-198 


27 


1-8356 


94 


1-501 


60 


1-196 


26 


1-834 


93 


1-490 


59 


1-182 


25 


1-831 


92 


1-480 


58 


1174 


24 


1-827 


91 


1-469 


57 


1-167 


23 


1-822 


90 


1 -4586 


56 


1159 


22 


1-816 


89 


1-448 


55 


1-1516 


21 


1-809 


88 


1-438 


54 


1144 


20 


1-802 


87 


1-428 


53 


1-136 


19 


1-794 


86 


1-418 


52 


1-129 


18 


1-786 


85 


1-408 


51 


1-121 


17 


1-777 


84 


1-398 


50 


1-1136 


16 


1-767 


83 


1-3886 


49 


1-106 


15 


1-766 


82 


1-379 


48 


1-098 


14 


1-745 


81 


1-370 


47 


1-091 


13 


1-734 


80 


1-361 


46 


1-083 


12 


1-722 


79 


1-351 


45 


1 -0756 


11 


1-710 


78 


1-342 


44 


1-068 


10 


1-698 


77 


1-333 


43 


1-061 


9 


1-686 


76 


1-324 


42 


10536 


8 


1-675 


75 


1-315 


41 


10464 


7 


1-663 


74 


1-306 


40 


1-039 


6 


1-651 


73 


1-2976 


39 


1-032 


5 


1-639 


72 


1-289 


38 


10256 


4 


1-627 


71 


1-281 


37 


1019 


3 


1-615 


70 


1-272 


36 


1-013 


2 


1-604 


69 


1-264 


35 


1-0064 


1 


1-692 


68 


1-256 


34 






1-580 


67 


1 -2476 


33 
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TABLE IV. 

FmacBKTAQBS or Kbal Nithio Acid (HXOi,) in AQiJTWOa Acid 

VAKTIN& Gbavitt. 

(Kolb, Ann. Ch. Phys., (4), 136), 



HNO,. 


HtKCtna 


Gravity. 


UNO,. 


SpBcinu Gravity. 


Par Cent. 


AtO". 


Al 15'. 


Percent 


AtO". 


At 15-. 


100-00 ' 


1-559 


1-530 


58-88 


1-387 


1-366 


99-84a 


l-55aa 


l-630a 


58-00 




1-363 


99-72a 


l-558» 


l-530a 


57-00 


1-376 


1-358 


99 -520 


1-5670 


1-529Q 


56-10O 


l-371a 


l-353a 


97-890 


1-D51a 


1-523(1 


55 00 


1-365 


1-346 


97 '00 


1-548 


1-520 


54 00 


1-359 


1-341 


96-00 


1-544 


1-516 


53-81 


1-358 


1-339 


95-27n 


1-5420 


1 -514(1 


53-00 


1-353 


1-335 


94-00 


1-537 


1-609 


52-33a 


l-349a 


l-33la 


93-OlQ 


l-5.^3a 


1-506(1 


50-99a 


l-Ula 




92 00 


1-529 


1-503 


«-97 


1-334 


1-317 


91-00 


1-520 


1-4BB 


49-00 


1-328 


1-312 


90-00 


1-522 


1-495 


4800 


1-321 


1-304 


89 -50.1 


l-521n 


r494n- 


47 -180 


1-3150 


l-298a 


SS'OO 


1-514 


1-488 


46-64 


1-312 


1-295 


87-45a 


1-51 3a 


l-486a 


45-00 


1-300 


1-284 


86-na 


1-5070 


1-482 


43 -53a 


l-291a 


l-274a 


85-00 


1-503 


1-478 


4200 


1-280 


1-264 


84 00 


1-499 


1-474 


41-00 


1-274 


1-257 


. 83-00 


1-495 


1-470 


40 OO 


1-267 


1-251 


82-00 


1-492 


1-467 


3900 


1-260 


1-244 


80 -sect 


1-488(1 


1-463(1 


37 -95a 


l-253a 


1-237(1 


80-00 


1-484 


1-460 


3600 


1-240 


1-225 


79-00 


1-481 


1-456 


35-00 


1-234 


1-218 


77-66 


1-476 


1-451 


33-86(( 


l-226a 


l-211a 


76-00 


1-469 


1-445 


32-00 


1-214 


1198 


75-00 


1-465 


1-442 


3100 . 


1-207 


1192 


74-01O 


l-462a 


1-4.^8(1 


30 00 


1-200 


1-185 


73-00 


1-457 


1-435 


29-00 


1-194 


1-179 


72 -390 


1-4550 


l-432(t 


28-00 


l-187a 


11720 


71-240 


I -450a 


1 -42911 


27-00 


l-lSOa 


1-166 


69 69 


1-444 


1-423 


25-71a 


llTla 


1-1570 


69-20« 


1-4410 


1-419(J 


23-00 


1153 


1138 


68-00 


1-435 


1-414 


20-00 


1-132 


1-120 


67-00 


14.TO 


1-410 


17 -47a 


1-1 15a 


1-lOSa 


66-00 


1425 


1-405 


15-00 


\-oaa 


1089 


65-07n 


1 -420(1 


l-400a 


13-00 


1085 


1-077 


64-00 


1-415 


1-395 


11 -41a 


l-075a 


l-067a 


63-59 


1-413 


1-393 


7 -220 


1-OSOa 


l-045a 


62-00 


1-404 


1-380 


4-00 


1-026 


1022 


61 -21a 


1-400(1 


1 -381(1 


2-00 


1-013 


1-010 


60-00 


1-393 


1-374 


0-00 


1-000 


0-999 


59 69 


1-3910 


I ■372a 






\ 



I! Acid (HCl) ra AqnmnB 



(Ure. Tamp. 151. 



Sp. GiBTity. 


PerCeot. 


Sp. 


aravity. 


Percent. 


..a^v... 


Per Cent 


1-2000 


40-777 


11328 


26-913 


1-0637 


13-049 


1-1982 


40-369 




1308 


26-505 


1-0617 


12-641 


11964 


39-961 




1287 


26-098 


1-0597 


12-233 


1-1946 


39-554 




1267 


25-690 


1-0577 




11928 


39-146 




1247 


25-282 


1-0557 


11-418 


11910 


38738 




1226 


24-874 


1-0537 


11-010 , 


1-1893 


38-330 




1206 


24-466 


1-0517 


10-602 


1-1875 


37-923 




1185 


24 058 


1-0497 


10194 


1-1857 


37-516 




1164 


23-650 


1-0477 


9-786 


1-1846 


37-108 




1143 


23 242 


1-0457 


9-379 


1-1822 


36 700 




1123 


22-834 


1-0437 


8-971 


1-1802 


36-292 




1102 


22-426 


1-0417 


8-563 


11782 


35-884 




1082 


22-019 


1-0397 


8155 


1-1762 


35-476 




1061 


21-611 


1-0377 


7-747 


1-1741 


35-068 




1041 


21-203 


1-0357 


7-340 


1-1721 


34-660 




1020 


20-796 


1-0337 


6-932 


1-1701 


34-252 


11000 


20-388 


1-0318 


6-524 


1-1681 


33-845 


1-0980 


19-980 


1-0298 


6-116 


11661 


33-437 


1-0960 


19-572 


1-0-279 


5-709 1 


1-1641 


33 029 


1-0939 


19165 


1-0259 


5-301 1 


11620 


32-621 


1-0919 


18-757 


1-0239 




1-1599 


32-213 


1-0899 


18':'i49 


1-0220 


4-486 


1-1578 


31-805 


1-0879 


17-941 


1-0200 


4-078 ' 


1-1675 


31-308 


1-0859 


17 534 


1-0180 


3-670 


1-1537 


30-990 


1-0838 


17126 


1-0160 


3-262 


1-1515 


30-582 


1-0318 


16-718 


1-0140 


2-854 ' 


I 1494 


30-174 


10798 


16-310 


1-0120 


2-447 ' 


1-1473 


29-767 


1-0778 


15-902 


10100 


2-039 


1-1452 


29-359 


1-0758 


15 494 


1-0080 


1-631 


1-1431 


28-961 


10738 


15-087 


1-0060 


1124 


11410 


28-544 


10718 


14-679 


1-0040 


0-816 


M3e9 


28 136 


1-0697 


14 271 


1-0020 


0-408 


1-1369 


27-728 


1-0677 


13-863 






I 1349 


27-321 


1-0657 


13-456 
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TABLE VI. 

Percentages of Ammonia (NH3) in Aqueous Solutions of the 

Gas of Varying Gravity. 



Sp. Gravity. 


Per Cent. 


Sp. Gravity. 


Per Cent. 


Sp. Gravity. 


Per Cent. ' 


0-9517 


12*000 


0*9602 


9-750 


0-9692 


7-375 


0*9521 


11*875 

1 


0*9607 


9*625 


0-9697 


7-250 


0-9526 


11-750 \ 

1 


0-9612 


9*500 


0-9702 


7-125 


0-9531 


11*625 ; 


0-9616 


9-375 


0-9707 


7-000 


0-9536 


11-500 


0-9621 


9-250 


0-9711 


6-875 


0-9540 


11-375 


0-9626 


9-125 


0-9716 


6-750 


0-9545 


11-250 


0-9631 


9-000 


0-9721 


6-625 


0-9550 


11*125 


0*9636 


8-875 


0-9726 


6*500 j 


0-9555 


11-000 


0-9641 


8*750 


0-9730 


6-375 


0-9556 


10-950 


0-9645 


8-625 


0*9735 


6-250 


0-9559 


10*875 


0-9650 


8-500 


0-9745 


6-000 


0*9564 


10-750 


0-9654 


8-375 


0-9749 


5-875 


. 0-9569 


10-625 


' 0*9659 

1 


8-250 


0-9754 


5*750 


0-9574 


10-500 


i 0-9664 


8*125 


0*9759 


5-625 


0*9578 


10*375 


1 

0-9669 

1 


8-000 


0-9764 


5-500 


0-9583 


10-250 


0-9673 


7*875 


1 0*9768 

1 


5-375 


0-9588 


10125 


i 0-9678 

1 


7-750 


0-9773 


5-250 


0*9593 


10000 


0-9683 


7-625 


0-9778 


5125 


0-9597 


9-875 


0-9688 


7-500 


0-9783 

! 


5*000 
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TABLE VII. 

Percentages of Potash (K^O) in Aqueous Solutions of Varying 

Gravity. 

(TUnnermaim. 15**). 



8p. Gravity. 


Per Cent 


Sp. Gravity. 


Per Cent. 


Sp. Gravity. 


1 

Per Cent. 


1-3300 


28-290 


1-1979 


18-671 


1-0819 


8-487 


1-3131 


27-158 


11839 


17*540 


1-0703 


7-355 


1-2966 


26-027 


1-1702 


16-408 


10589 


6-224 


1-2805 


24-895 


1-1568 


15-277 


1-0478 


5-002 


1-2648 


23-764 


1-1437 


14-145 


1-0369 


3-961 


1-2493 


22-632 


1-1308 


13013 


1-0260 


2-829 ; 


1-2342 


21-500 


1-1182 


11-882 


1-0153 


1-697 1 


1-2268 


20-935 


1-1059 


10-750 


1-0050 


0-5658 


1-2122 


19-803 


1-0938 


9-619 


- 





TABLE VIIL 

Percentages of Soda (Na^O) in Aqueous Solutions of Varywo 

Gravity. 

(TUnnermaim). 



Sp. Gravity. 



1-4385 
1-4193 
1-4101 
1-4011 
1-3923 
1.3836 
1-3751 
1-3668 
1-3586 
1-3505 
1-3426 
1-3349 
1-3273 
1-3198 
1-3143 
1-3125 
1-3053 
1-2982 



Per Cent. 



30-220 
29-616 
29011 
28-407 
27-802 
27-200 
26-594 
25-989 
25-385 
24-780 
24-176 
23-572 
22-967 
22-363 
21-894 
21-758 
21-654 
20-550 



Sp. Gravity. 



1-2912 
1-2843 
1-2775 
1-2708 
1-2642 
1-2578 
1-2515 
1-2453 
1-2392 
1-2280 
1-2178 
1-2008 
1-1948 
1-1841 
1-1734 
1-1630 
1-1528 



Per Cent. 



19-945 
19-341 
18-730 
18-132 
17-528 
16-923 
16-379 
15-774 
15-110 
14-500 
13-901 
13-297 
12-692 
12-088 
11-484 
10-879 
10-275 



Sp. Gravity. 



1-1428 

1-1330 

1-1233 

11137 

1-1042 

1-0948 

1-0855 

1-0768 

1-0675 

1*0587 

1-0500 

1-0414 

1-0330 

1-0246 

1-0163 

1-0081 

1-0040 



Per Cent 



9-670 
9-066 
8-462 
7-857 
7-253 
6-648 
6044 
5-440 
4-835 
4-231 
3-626 
3022 
2-418 
1-813 
1-209 
0-604 
0-302 
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TABLE IX. 

BEAUME'S HYDROMETER, 

A, For Liquids heavier than Water, 



B-. 


Sp. Grav. j 


B". 


Sp. Grav. 


B\ 


Sp. Grav. 


1 

1 B'. 


Sp. Grav. 





1-000 


20 


1-152 


39 


1-345 


58 


1-617 


1 


1-007 


21 . 


1-160 


40 


1-357 


59 


1-634 


2 


1-013 


22 


1-169 


41 


1-369 


60 


1-652 


3 


1-020 


23 


1-178 


42 


1-382 


61 


1-670 


4 


1-027 


24 


. 1-188 


43 


1-397 


62 


1-689 


5 


1-034 


25 


1-197 


44 


1-407 


63 


1-708 


6 


1-041 


26 


1-206 


45 


1-421 


64 


1-727 


7 


1-048 


27 


1-216 


46 


1-434 


65 


1-747 


8 


1-056 


28 


1-226 


47 


1-448 


66 


1-767 


9 


1-063 


29 


1-236 


48 


1-462 


67 


1-788 


10 


1-070 


30 


1-246 


49 


1-476 


68 


1-809 


11 


1-078 


31 


1-256 


50 


1-490 


69 


1-831 


12 


1-086 


32 


1-267 


51 


1-505 


70 


1-854 


13 


1-094 


33 


1-277 


52 


1-520 


71 


1-877 


14 


1-101 


34 


1-288 


53 


1-535 


72 


1-900 


15 


1-109 


35 


1-299 


54 


1-551 


73 


1-924 


16 


1-118 


36 


1-310 


55 


1-567 


74 


1-949 


17 


1-126 


37 


1-322 


56 


1-583 


75 


1-974 


18 


ri34 


38 


1-333 


57 


1-600 


76 


2-000 


19 

1 


1-143 










( 





B. For Liquids lighter than Water, 



B' 


Sp. Grav. 


1 

B-. 


Sp. Grav. 


B'. 


Sp. Grav. 


B°. 


Sp. Grav. 


10 


1-000 


23 


0-918 


36 


0-849 


49 


0-789 


11 


0-993 


24 


0-913 


37 


0-844 


50 


0-785 


12 


0-986 


25 


0-907 


38 


0-839 


51 


0-781 


13 


0-980 


26 


0-901 


39 


0-834 


52 


0-777 


14 


0-973 


27 


0-896 


40 


0-830 


53 


0-773 


15 


0-967 


28 


0-890 


41 


0-825 


54 


0-768 


16 


0-960 


29 


0-885 


42 


0-820 


55 


0-764 


17 


0-954 


30 


0-880 


43 


0-816 


56 


0-760 


^ 18 


0-948 


31 


8-874 


44 


0-811 


57 


0-757 


19 


0-942 


32 


0-869 


45 


0-807 


58 


0-753 


20 


0-936 


33 


0-864 


46 


0-802 


1 59 


0-749 


21 


0-930 


34 


0-859 ! 


47 


0-798 


i 60 


0-745 


22 


0-924 


35 


0-854 1 


48 


0-794 


1 
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TABLE X 

Belatiox between £:^6lish asd Metric Weights and 

^Measures. 



Milligrajn 
Centigram 
X)ecigram 
Oram 

Do. 

Do. 

Do. 
Kilogram 

Do. 
Metric tou (1000 kilos.) 



n 



1. Jfecuftres of Weight. 

= 0*01540235 troy grains. 

= 0-1543235 

= 1-543235 

= 15-43235 

= 0*643 pennyweight. 

= 003216 oz. troy. 

= 0-03527 oz. avoirdnpois. 

= 2-6803 Ibe. troy. 

= 2*20462 lbs. avoirdupois. 

= 2204-62 



» 



2. Jieaswres of Length. 

Millimetre . . ' . . = 003937 inches. 

Centimetre = 03937 „ 

Decimetre = 3-937 „ 

Metre = 3937 „ 

Do = 3-2809 feet. 

Do = 1-0937 yards. 

Inch = 2'53095 centimetres ; foot = 304794 decimetres ; yard = 
<)'91438 metres; mile = 1609*32 metres. 



Scale. 



Inches, 



I I k |l I U III I II llll I I I I 11 IM|1 Ml M l| I I I I II I |l 1 I 



Oentimetres, 



lllllllll 



lllljlHI 



lllllllll 



lllljllli 



T 



lllllllll 



llll|llli|llll|llll 



T7TTT 



a 



G 



TABLE XI. 

To convert degrees Fahrenheit into degrees Centigrade and vice rersd. 

{C/ X 1-8) + 32 = F'. 
(F - 32) -T- 1*8 = C^ 



TABLE XII. 

, To convert degrees of TwadddCs Hydrometer into Specific Gravity. 

(Degrees Twaddell x 5) + 1000 = sp. gravity. 
(Sp. gravity - 1000) -^ 5 = degrees Twaddell. 
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TABLE XIII. 

For tise in calcvlating the results of Oxydimetric and lodometric A rudyses, 
in which the Substance to he determined is not directly found. 



CONTRACTIONS. 

o =^ iron oxidised from ferrous to ferric salt; r = iron reduced from ferric to 
ferrous salt; / = free, or set free ; a = available. 



Soug^ht. 



PeO 
(C3682HO) 



JaO 



Form in which 
Estimated. 



J FsjCU 
I (FeCl) 

Fe2Cl4 

H.,C204.2H20 

(C2O33HO) 
5 CaC204 
} (CaOCaOs) 

MnOj 

MnOg 

C0j,03 

NiA 
5 PbCr04 
} (PbOCrOs) 
( Bi3032Cr03 

(Bi082Cr03) 
5 BaCr04 
I (BaOCrOa) 

CrOa 

CI 

CujO 

Cu,I 
J SnClj 
( (SnCl) 

SuSa 

OdS 

ZnS 

FejO, 

o.Fe 

/CI 
/.Br 

i (HgaCf) 



Titration 

gave the 

Equivalent 

Amount of 



Fe 
Fe 
Fe 

Fe 

o.Fe 
o.Fe 
o.Fe 
o.Fe 

o.Fe 
o.Fe 

o.Fe 

o.Fe 
o.Fe 
r.Fe 
r.Fe 

r.Fe 

r.Fe 
r.Fe 
r.Fe 

/.I 1 

/•I 
/•I 

combd. I 



Calculation Formula. 



Fexf 

Fe X V 
Fex» 



Fexi 

o.Fexf 
o.Fex 0-491 
o.Fex*^ 

o.FexV 

o.Fex 1-232 



FeO 

FegOs 

H3Ca042H20 
(CaOgSHO) 

CaO 

0.0 
Mn 
Co 

Ni 



= Pb 



o.Fex 1-25 = Bi 
o.Fex 0-91 = BaO 



o.Fex 0-596 = 
o.Fex 0-6339 = 
?-.Fexll33 = 
j-.Fex 0-566 = 



CrOa 
/.CI 
Cu 
Cu 



r.Fex 1-053 = Sn 

r.Fex 0-527 = Sn 

r.Fex I = Cd 

r.Fex 0-581 = Zn 

/I X 0.441 = Fe 

/.I X 0-1653= HNO3) 

/.I X 0-1417= NO5 ( 

/.I xO-28 = /CI 

/.I xO-63 = /Br 

combd. I X 1 -5748 = Hg 



Refer- 
ence to 
Text. 



§19 
19 
20 

21 

23 
23 
24 
24 

27 
27 

27 

26 

*25 

22 

22 

29 

30 
30 
30 
38 

39 

41 
41 

40 



V 



268 



APPENDIX. 









PS 

-< 

CO 

Q 
o 

< 

Q 

CO 

-< 

H 

H 



O 



O 
•J 

o 

1-4 

< 

1-4 

H 
H 

H 



o 



Eh 
O 

PL4 

^ P 

O H 



o 

1-4 



a 

H 
O 



« W 

O ^ 

Lb *~4 

^ g 

O 






•s 

■*» 

6 

o 



O 
II 

o 

*■§ 
-3 






H 

o 
II 

o 
o 

I 

O 



o 



e • 
«« o > 



2 



e 

I 

a 

o 

Q 

U3 
O 

.a 
5 



o 



I 

u 



04 



c 

If 

© 






I 



§ 



8 



8 S^^ 

0-&2 ^ « 



s 



9 



s 



s 

d tf « o ?i, S . 



€8 



«• Q •«• ^ C3 



o o o o 



i 






9) 

o 






o 

a? 

OT 

w 



OT 

QQQQ 



O 
OQ 

o 

GQ 



^M ^11 ^< ■ 



q)&0flfl&0O.^ j^ CO e^dd 



ri 



00 

eo 
CI 









eo 



3 






'2 •- 



3 






t:^.^* ••; e d &4 § d si, si-'*' Q^dcidsioQddod^ 



eo 

o 
o 



A^cS- 



oa eo CO 



lEH 






ao 



O 
















^g.3(S(3(Sm(3Sa<S(SoS<5!3i5 5 <S55oh 



APPENDIX. 



26& 



NOTE ON FILTRATION. 



After the paragraph on filtration (p. 27) was in type, a very 
simple and efficacious little piece of apparatus for securing rapid 
filtration was devised by Mr. E. V. Miller, a student in the labora- 
tory of this college. Mr. Miller has been good enough to allow me 
* to introduce a description of his apparatus in this place. 

The apparatus (see fig. 15) consists of a piece of glass tubing about 




Fig. 15. 

200 m.m. or so in length and 20 m.m. in diameter, drawn out at one 
end to an orifice perhaps one-fourth of the original diameter of the 
tube. The narrowed end of the tube connects, by caoutchouc and 
glass tubing, with a caoutchouc cork, which is fitted tightly into the 
flask destined to receive the filtrate. The funnel which is to contain 
the precipitate passes through a second hole in this cork. The 
funnel is furnished with a platinum cone pierced over its entire 
surface with a multitude of small holes made by a needle. The 
outer and wider end of the piece of tubing is closed with a good- 
fitting cork, through which passes a rod bearing, on its inner 
extremity, a cork which is made to fit air-tight within the tube. 
This latter condition is readily fulfilled by covering the cork with 
woollen threads which are moistened from time to time. The wide 
tube may very conveniently be adjusted along the filter-stand by 
means of wire or string ; the whole arrangemeiiti&^Xi^rLNet^Xsas^^ 
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and readily transportable. The fuunel haviug been filled with tte 
liquid to be filtered, the piaUiu in the wide tube is drawn back as far 
as possible, the air is thus rarefied in the flask, and the liquid 
quickl; rushes through the filter; when the whole of the liquid has 
passed into the flask the cork is momentarily withdrawn from the 
flask, the piston is pushed back, the cork is again inserted, and the 
piston is again drawn back; this process is repeated until t.he whole 
of the liquid has beeu filtered. 

Mr. Miller haa made several attempta towards adapting a valve to 
the H.])p.iratua,bat he finds that withdrawing the cork is the readiest 
aixd surest method for accomplishing the desired object. The 
piatiuuLU cone is essential ; a double pnper filter is not sufficient to 
withstand the pi-essure to which it is suDJected. — Tr. 
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Acetates, estimation of calcium in, 
p. 72. 
estimation of acetic acid in, 58. 
Acetic acid, estimation of, 58. 
Acidimetry, standard solutions for, 
32. 
general remarks upon, 53. 
Acids, division of, into groups, 172. 
in combination, estimation of, 61. 
more important, separation and 

estimation of, 172. 
of Group I. (AsgOg, AsgOg, Cr04, 
• SO4, PO4, BO3, C2O4, CO3, SiOa, 
F), estimation of, 174. 
of Group II. (CI, Br, I,CN, S), 181. 
of Group III. (NO3, and oxyacids 
of CI, Br, and I), 186. 
. removal of interfering, in estima- 
tion of acetic acid, 59. 
removal of interfering, in estima- 
tion of potash and soda, 48. 
Alkali metals, sulphides of, estima- 
tion of, by permanganate, 86. 
Alkalies, caustic, alkaline earths, 
&c., estimation of, 40. 
in presence of alkaline carbonates, 
43. 
Alkalimetry, standard solutions for, 

32. 
Alkaline carbonates, estimation of, 
40. 
in presence of caustic alkalies, 
estimation of, 43. 
Alkaline earths, estimation of, 40. 

in soluble salts, estimation of, 44. 
Alloys, analysis of, 232. 
Aluminium, estimation of, 117. 
commercial salts of, analysis of, 
212. 
Alums, commercial, analysis of, 212. 



Ammonia, estimation of, 44. 

in presence of alkalies and alkaline 
earths, estimation of, 47. 

preparation of ^-normal solution 
of, 35. 
Antimony, iodometric estimation of, 
93. 

in minerals, estimation of, 229. 
Arsenic, iodometric estimation of, 94. 

in minerals, estimation of, 229. 
Ash, bone, analysis of, 207. 
Acid, acetic, estimation of, 58. 

bromic and other oxyacids of 
bromine, estimation of, 103. 

carbonic, estimation of, 54. 

chloric and other oxyacids of 
chlorine, estimation of, 103. 

chromic, estimation of, 80. 

citric, estimation of, 60, 187. 

hydriodic, in combination, estima- 
tion of, 105. 

hydrobromic, in combination, in 
presence of HCl and HI, esti- 
mation of, 106. 

hydrochloric, in combination, in 
presence of HBr and HI, esti- 
mation of, 106. ' 

hydriodic, in combination, in pre- 
sence of HCl and HBr, estima- 
tion of, 106. 

hydrocyanic, estimation of, 114. 

iodic and other oxyacids of iodine, 
estimation of, 103. 

molybdic, estimation of, 86. 

nitric, estimation of, 44, 100. 

nitrous, estimation of, 86. 

oxalic, estimation of, 71. 

phosphoric, estimation of, 115. 

sulphuric, estimation of, 57, 120. 

sulphutoua, ^atvmai^atL Q.i,^A'^- 
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Addm, snlphydric, eatiniatwnL of, 98. 
tunic, eatiniation oC 247. 
tartaric, estimation of, 60, IS7. 
tliioaalplmrie, estimatian o^ 90, 

184. 
titanic, estimation at, 86. 

Bkriam, estimation of, by paman* 
gaoate, 81. 
estimation of, by preexpitatian, 127. 
cbloride, prroaration of atanidard 
solutioa o^ 121). 
Bases of first group (K, ^a, NH^ 
Mg), estimation of. l^S. 
of second group (Ba^ Sr, Ci^, est!' 

mation oi, 14^. 
of third group (Al, Cr), estimation 

of. 153. 
of fourth gronp (ITr, Fc, Zo, Mn, 

Ni. Co^, estimation of, 154. 
of fifth gpronp (Cd, Pb, Cn, Aft 

Bi), estimation of, 157. 
of sixth gronp (Hg; Sn^ As, 3b, 

Ft, An), estimation of, laO. 
estimation of without aepamtion, 

165. 
removal of substances interfering 
with separation of, 1-1^ 
Ksmnth, estimation of by poman- 
ganate, 81. 
estimation of, by dichromate, 230. 
estimation of, by sodium phos- 
phate, kc, 231. 
Bleaching powder, estimation of 

hypochJorons acid in, 79. 
Bleaching salts (Ka, Ca, and Mg 
hypochlorites), analysis of, 204. 
Blende, zinc, analysis of, 224. 
Boiler crusts, anafysis of, 206. 
Bone ash, analysis of, 207. 
Bone char, analysis of, 208. 
Bromine, estimation of, 103. 
in presence of CI and I, estima- 
tion of, 106. 
oxyacids of, estimation of, 103. 
Burettes, 11-13. 

Ca<lmiam, estimation of, 84. 

Calamine, analysis of, 223. 

Calcium salts, estimation of, by per- 
manganate, 71. 

•Carbonates, alkaline, estimation of, 
40. 



and 
anaLysa of mixturer cd,. 43. 
Carbonic acid, eatinutiaiL a^ 54. 
Caustic aTkalifw, eatimxtiiHi oi^ 4flL 
Char, bane^ amdysia of, 2QS. 
Chlorine, ♦intimation of fay ™*«»^ of 
mezcuzy aaltB, Jbc, lOS. 
artuuaiunL of by p «wTti« f ijf*—^t^ 

79l 
estimatian ofbypreeipifc ati un» IIL 
firee, mdumistzic esitimatiuoD. o^ 

103. 
in presence of Br and ly < **t . i tw ^ MM i 

of, 106. 
oxyacida of, eatimatiuii <^ 103,114. 
Chmmatps. estimation of, 80l 

commensal, amdyaia o^ 216. 
Chrome iron ore, analyaa o^ 2151 
Chromic acid, cstimatipn. <^ 80l 
Cinnabar, analysa of, 228. 
Citric add, estimation of, 60. 
eatnnatuuL of in. &uxt-TaiceaL Jkc, 
187. 
Cobalt, estimation of, 77. 
C<HnlHned acids, estimatian. of, 6L 
Commercial ahzma and aluoiinnnn 

saha, analysia of, 212L 
CcHnmercial ehromates, analjruk of, 

216. 
Copper, estimation of by iodine, 95. 
estimation of by permanganate,73L, 
ores, analysia of, 225. 
Coprolite, analysis of, 209l 
Cream of tartar, analysis of, 241. 
Crusts, boO^ analysis of, 206. 
Cyanogen, estimation of, 114. 

Earths, alkaline, estimation o^ 40. 
in soluble salts, estimattan of, 44. 

Erdmann's float, 14. 

Errors in measuring and titrsting, 
avoidance of, 17. 

Estimation of bases without separa- 
tion, 165. 

Estimation and separation of bases; 
see Bases, 

Estimation of more important acids, 
172. 

Ferro- and ferri-cyanides, estimatioD 

of, 82. 
Filtration, 27. 
note on, 269. 
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Final point in saturation analyses, 

determination of, 39. 
Float, Erdmann's, 14. 

Galena, analysis of, 225. 

Groups, division of acids into, 1/2. 

estimation of acids in first, second, 
and third; see Acidn, 

estimation of bases in first, &c. ; 
see Bases. 

of metals, separation of, 138. 
Guano, analysis of, 246. 
Gunpowder, analysis of, 200. 
Gypsum, analysis of, 205. 

Heavy metals, iodometric estimation 
of traces of, 109. 

Hydrochloric acid, preparation of 
normal, 35. 

Hypochlorites of sodium, &c., ana- 
lysis of, 204. 

Impurities in common metals, esti- 
mation of, 236. 
Indicators in alkalimetry and acidi- 

metry, 38. 
Iodine, estimation of, by copper 
salts, &c., 97. 
estimation of, by iron salts, &c. , 98. 
combined, estimation of, 104. 
in presence of CI and Br, estima- 
tion of, 106. 
oxyacids of, estimation of, 103. 
preparation of standard solution 
of, 89. 
lodometry, 87, 91. 

preparation of staudard solutions 
for, 89. 
Iron, estimation of, by iodine, 97. 
estimation of, by permanganate, 69. 
ores, analysis of, 220. 
pyrites, analysis of, 222. 

Lead, estimation of, 81. 

oxide, alkalimetric estimation of, 
40. 
Litmus tincture, preparation of, 38. 
Liver of sulphur, analysis of, 203. 

Magnesium, estimation of, 119. 
, Manganese, estimation of, by per- 
manganate, 75. 
estimation of, by precipitation, 1 1 9. 



Manganese ores, estimation of man- 
ganese in, 217. 
Measuring flasks, 1 6. 
Measuring instruments, determining 

capacity of, 22. 
Metals, division of, into groups for 
separation, 138. 
groups (rf, separation of, 138. 
heavy, estimation of traces of, 109. 
impurities in, estimation of, 236. 
Mercury, estimation of, 101. 

in cinnabar, estimation of, 228. 
Mixing cylinders, 16. 
Molasses potash, analysis of, 201. 

Nickel, estimation of, 77. 
Nitric acid, estimation of, 44. 
estimation of by iodine, 100. 
Nitrogen, estimation of, 44. 
Normal solutions, preparation of, 
24. 

Ore, chrome iron, analysis of, 215. 
copper, analysis of, 225. 
iron, analysis of, 220. 
manganese, estimation • of man- 
ganese in, 217. 
tin, analysis of, 227. 
zinc, analysis of, 224. 
Oxalates, estimation of by perman- 
ganate, 71. 
Oxalic acid, estimation of by per- 
manganate, 71. 
Oxidimetry, 65. 

Permanganate, standard solution of, 
65. 

Phosphoric acid, estimation of, 115. 

Phosphorite, analysis of, 209. 

Pipettes, 16. 

Potash, estimation of, 40. 
in soluble salts devoid of alkaline 
reaction, estimation of, 48. 

Potashes, analysis of, 196. 

Potash, crude molasses, analysis of, 
201. 

Potassium carbonate solution, pre- 
paration of, 37. 

Potassium dichromate for sulphuric 
acid estimation, preparation of, 
120. 

Precipitation, analysis by, 110. 

Pyrites, iron, anaJj'sis of, 222. 
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Rarer substances, estimation of, by 

permanganate, S(^. 
Removal of acids interfering with 
estimation of acetic acid, 59. 
of acids interfering with estima- 
tion of potash and sorla, 48. 
of anbstances interfering with 
separation of bases, 142. 

Salt, common, analysis of, 197. 
Saltpetre, analysis of, 20<). 
Salts, commercial aluminium, analy- 
sis of, 212. 
bleaching, analysis of, 204. 
Separation, general methods of, pre- 
ceding volumetric estimations, 
L^l. 
of bases of various groups; see 

BaseMy fiJifhmUion of. 
of groups of metals, 1.38. 
of more important acids, 172. 
methofls, remarks regarding, 192. 
Silver, estimation of by iodine, 105. 
estimation of by precipitation, 

111. 
estimation of by precipitation in 
presence of other metals, 1 10. 
Soap, analysis of, 198. 
Soda, analysis of, 196. 
estimatiim of, 40. 
in 8^)1 uble salts devoid of alkaline 
reaction, estimation of, 48. 
Sodium tl»iosnl|)hat<;, preparation of 

standard solution of, 89. 
Solution of inorganic substances 

before separation, 133. 
Starch ])a8te, preparation of, 89. 
Standard solutions, preparation of, 
24. 
for alkalimetry and acidimctry,32. 
for iodometry, 89. 
for f)xydiTnotry, f)5. 
Strontium, estimation of, 40, 44. 
Substances interfering with separa- 
tion of bases, removal of, 142. 
of technical importance, analysis 
of, 195. 
Sugar, estimation of, 245. 



Sulphides of alkalies, eatimatioa of, 

86. 
Sulphur dioxide, estimation of, 92. 
Sulphuretted hydrogen, eatimatioii 

of, 92. 
Sulphuric acid, estimation of, 57. 

estimation of by precipitation, I20l 
Sulphurous and thioaolphnric acids, 

estimation of, in presence of 

alkaline solphides, 134. 
Sulphur, liver of, analysis o£, 203w 
Superphosphates, analysis o^ 209. 

Table for general estimation, of 

bases, 168. 
Tannic acid, estimation o£, 247. 
Tartar, cream of, analysis of, 241. 
Tartaric acid, commi^rcial, analyst 
of, 241. 
estimation of, 60. 
estimation of, in fruit- jaicea, kc, 
187. 
Technical importance, substances of, 

analysis of, 195. 
Thiosnlphuric and snlphnrons acids, 
estimation of in presence of al- 
kaline sulphides, 134. 
Tin, estimation of by iodine, 94. 
estimation of by permanganate, S3. 
ore, analysis of, 227. 

Uranium solution, preparation of 

standard, 115. 
Urine, examination of, 242. 

Vinegar, examination of, 239. 
Volumetric analysis, divisions of, 10. 
general considerations regarding, 

26. 
general principles of, 9. 
Volumetric separation methods, re« 
marks regarding, 192. 

Water, examination of, 249. 

Zinc, estimation of, 84. 
blende, analysis of, 224. 
ore, analysis of, 224. 
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